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A  CRITIQUE  OF  THE  THEORETICAL  BASIS 
OF  LEAF  MARGIN  ANALYSIS 

Gary  E.  Dolph 
Indiana  University  at  Kokomo 
Kokomo,  Indiana  46904-9003 

ABSTRACT:  One  aspect  of  paleobotanical  research  involves  estimating  the  paleoclimates  under 
which  fossil  floras  lived.  Angiosperm  paleobotanists  use  foliar  physiognomy,  primarily  leaf  margin 
analysis,  to  estimate  paleoclimate.  Several  crucial  questions  must  be  answered  before  leaf  margin 
analysis  can  be  used  to  precisely  estimate  paleoclimate.  The  most  basic  question  is  whether  or  not 
the  foliar  physiognomy  of  eastern  Asia  should  be  used  as  a  standard  against  which  all  other  foliar 
physiognomic  analyses  must  be  judged.  A  careful  analysis  of  Wolfe's  data  on  the  foliar  physi- 
ognomy of  eastern  Asia  shows  that  this  area  is  unacceptable  as  a  standard  for  foliar  physiognomic 
studies. 


THE  VEGETATION  OF  EASTERN  NORTH  AMERICA 

The  most  prolific  writer  on  the  topic  of  foliar  physiognomy  over  the  last  decade 
has  been  Jack  Wolfe.  However,  Wolfe  has  chosen  to  disregard  the  vegetation  of  eastern 
North  America  in  his  study  of  foliar  physiognomy.  He  has  offered  two  main  reasons 
why  eastern  North  America  cannot  be  used  to  study  the  relationship  between  climate 
and  leaf  margin  type. 

First,  the  vegetation  of  eastern  North  America  is  " depauperate.' '  The  climatic 
deterioration  that  occurred  at  the  end  of  the  Middle-Late  Oligocene  (now  the  end  of  the 
Eocene)  resulted  in  a  tremendous  decrease  in  the  number  of  species  present  in  the  flora 
of  eastern  North  America  (Wolfe,  1969a).  This  loss  of  diversity  has  not  been  compen- 
sated for.  The  disappearance  of  tropical  forest  from  the  southeastern  United  States 
resulted  in  the  elimination  of  a  potential  source  of  new  species  for  the  temperate  forest 
(Wolfe,  1969a).  In  addition,  eastern  North  America  became  floristically  isolated  from 
other  temperate  areas  both  in  Europe  and  western  North  America  at  the  end  of  the 
Eocene  (Wolfe,  1969a,  1987b).  As  a  result,  other  temperate  areas  could  not  contribute 
species  to  increase  floral  diversity  in  the  eastern  United  States.  Finally,  eastern  North 
America  is  a  region  of  low  topographic  diversity  (Wolfe,  1969a)  and,  as  a  result,  of 
low  endemism.  Wolfe  concludes  that  these  three  factors  cause  eastern  North  America 
to  have  a  depauperate  flora. 

Second,  the  effect  of  Arctic  cold  fronts  since  the  Miocene  and  the  effect  of  the  Ice 
Ages  in  recent  times  have  prevented  the  already  depauperate  vegetation  from  evolving 
the  folar  physiognomy  of  the  normal  climax  vegetation  for  eastern  North  America. 
Although  leaf  form  may  not  be  closely  associated  with  climate  immediately  after  a 
major  climatic  shift,  given  enough  time  a  close  correlation  will  develop  (Wolfe  and 
Upchurch,  1987a).  Wolfe  believes  that  more  than  one  million  years  (or  in  the  case  of 
the  Paleocene  rain  forest,  millions  of  years)  must  pass  before  the  vegetation  takes  on 
its  "climax"  characteristics.  The  change  will  occur  only  if  geographic  and/or  evolu- 
tionary factors  are  favorable  (Wolfe  and  Upchurch,  1987a).  Wolfe  (1979)  believes  that 
insufficient  time  has  elapsed  since  the  last  glaciation  in  eastern  North  America  for  the 
balance  between  climate  and  foliar  physiognomy  to  be  achieved.  The  cold  waves  that 
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sweep  across  eastern  North  America  (Wolfe,  1971,  1979,  1980,  1985)  as  a  result  of 
the  increasing  altitude  of  the  mountains  along  the  Pacific  Coast  (Wolfe,  1985,  1987a) 
may  prevent  this  balance  from  ever  being  reached. 

Initially,  Wolfe  considered  the  depauperate  flora  of  eastern  North  America  to  be 
equivalent  to  the  arrested  secondary  successional  vegetation  of  the  Notophyllous  Broad- 
Leaved  Evergreen  Forest  of  eastern  Asia  (Wolfe,  1979,  1985).  Later,  when  analyzing 
the  evolutionary  history  of  deciduous  vegetation,  Wolfe  (1987a)  postulated  that  five 
vegetational  zones  should  exist  in  eastern  North  America:  the  Notophyllous  Broad- 
Leaved  Evergreen  Forest,  the  Mixed  Broad-Leaved  Evergreen  and  Coniferous  Forest, 
the  Mixed  Broad-Leaved  Evergreen  and  Deciduous  Forest,  the  Mixed  Mesophytic  For- 
est, and  the  Mixed  Northern  Hardwood  Forest. 

The  Mixed  Broad-Leaved  Evergreen  and  Coniferous  Forest  and  the  Notophyllous 
Broad-Leaved  Evergreen  Forest  are  missing  in  eastern  North  America.  Thus,  the  full 
range  of  "climax' '  vegetation  in  eastern  North  America  does  not  exist.  The  actual 
vegetation  is  in  "quasisuccession."  Wolfe  defines  quasisuccession  as  the  long-term 
mimicry  on  an  evolutionary  time  scale  of  short-term  ecological  succession  (Wolfe, 
1987a,  1987b;  Wolfe  and  Upchurch,  1986,  1987b).  Quasisuccessional  or  non-climax 
vegetation  cannot  be  used  to  generate  the  leaf  margin  percentages  necessary  to  estimate 
mean  annual  temperature  (Wolfe,  1979;  Wolfe  and  Upchurch,  1987a). 

Wolfe  (1979,  1980,  1985)  believes  that  the  most  important  limiting  factor  active 
in  eastern  North  America  is  the  continuing  presence  of  Arctic  cold  fronts.  Other  re- 
searchers do  not  agree.  Greller  (1989)  has  shown  that  the  limits  of  the  Boreal  Conifer 
Forest,  the  Conifer/Deciduous  Dicot  Forest,  and  the  Deciduous  Forest  of  eastern  North 
America  are  controlled  by  summer  warmth  {sensu  Bailey,  1960,  1964)  as  measured  by 
the  highest  average  monthly  summer  temperature.  This  conclusion  agrees  with  that  of 
Dolph  (1987),  who  showed  that  the  foliar  physiognomy  of  the  vegetation  of  southern 
Indiana  is  controlled  most  strongly  by  summer  and  not  year-around  climatic  conditions. 

Greller  did  find  (1989)  that  the  northern  limits  of  the  Deciduous  Dicot/Evergreen 
Dicot/Conifer  Forest,  the  Temperate  Broadleaved  Evergreen  Forest,  and  the  Tropical 
Forest  are  controlled  in  part  by  winter  cold.  However,  other  factors  including  annual 
warmth,  temperateness  {sensu  Bailey,  1960,  1964),  and  frost  frequency  also  play  a  role. 
Greller  (1989)  believes  that  the  most  crucial  parameter  is  probably  frost  frequency. 
These  results  show  that  the  actual  role  of  climate  in  determining  foliar  physiognomy  in 
eastern  North  America  is  much  more  complex  than  Wolfe  realized,  although  distribution 
of  the  tropical  taxa  and  the  evergreen  dicots  is  controlled  in  part  by  winter  cold. 

THE  VEGETATION  OF  EASTERN  ASIA 

Wolfe  (1979)  offers  two  reasons  why  the  vegetation  of  eastern  Asia  is  much  more 
attuned  to  climate  than  the  vegetation  of  eastern  North  America.  First,  the  vegetation 
of  eastern  Asia  is  more  diverse  than  the  vegetation  of  North  America.  A  greater  number 
of  species  increases  the  likelihood  that  evolutionary  modifications  tying  leaf  form  to 
climate  will  exist.  Second,  except  for  alpine  glaciation,  eastern  Asia  was  unglaciated 
during  the  Quaternary.  The  Arctic  cold  fronts  that  sweep  across  eastern  North  America 
did  not  and  do  not  occur  in  eastern  Asia.  Therefore,  sufficient  time  has  elapsed  for  the 
vegetation  to  become  ecologically  attuned  to  climate  in  eastern  Asia. 

The  forest  types  identified  by  Wolfe  (1979)  in  eastern  Asia  are  the  standard  against 
which  he  compares  all  other  vegetation  (e.g.,  Wolfe,  1987a).  The  forests  of  Australasia 


Vol.  99  (1990)  Indiana  Academy  of  Science 


and  western  North  America  can  be  defined  using  his  system.  The  forests  of  eastern 
North  America  and  Europe  cannot.  If  data  do  not  fit  the  system,  they  are  ignored  or 
discarded.  For  this  reason,  the  effect  of  fog  on  the  distribution  of  redwoods  in  the 
western  United  States  is  dismissed  as  a  gross  coincidence  (Wolfe,  1979).  Wolfe  believes 
that  the  actual  limiting  factor  in  redwood  distribution  is  temperature.  Greller  (1989) 
noted  that  Wolfe's  system  is  "inappropriate"  for  eastern  North  America.  This  does  not 
mean  that  the  vegetation  of  eastern  North  America  is  "anomalous"  and  unworthy  of 
study,  as  Wolfe  would  have  us  believe. 

Wolfe's  (1979)  basic  assumption,  that  the  foliar  physiognomy  of  eastern  Asia  is 
more  closely  attuned  to  climate  than  the  foliar  physiognomy  of  eastern  North  America, 
cannot  be  true,  if  climatic  fluctuations  and  floral  migrations  occurred  in  eastern  Asia 
during  the  Tertiary  and,  in  particular,  during  the  Quaternary.  Paleoclimatic  and  pale- 
obotanical  studies  in  China  and  Japan  show  that  climatic  fluctuations  as  well  as  floral 
migrations  and  extinctions  did  occur.  Wolfe's  (1985)  views  on  the  distribution  of  major 
vegetational  types  through  the  Cenozoic  in  eastern  Asia  are  incorrect. 

THE  PALEOGENE  VEGETATION  AND  CLIMATE  OF  EASTERN  ASIA 

During  the  Paleogene,  four  distinct  climatic  belts  existed  in  China  (Wang  Pinxian, 
1984).  From  north  to  south,  these  belts  were  the  warm  temperate  belt  (humid,  as 
evidenced  by  the  formation  of  coal  and  oil  shale),  the  warm  temperate/subtropical  belt 
(alternating  dry  and  humid  conditions),  the  arid  subtropical  belt  (hot  and  dry,  as  evi- 
denced by  evaporite  deposits  and  xerophytic  plant  remains),  and  the  subtropical/tropical 
belt  (hot  and  humid,  as  evidenced  by  the  formation  of  coal  and  oil  shale). 

These  paleoenvironmental  differences  were  associated  with  a  number  of  paleo- 
floristic  regions.  Between  three  (Guo,  1984)  to  possibly  six  (Wang  Xianzeng,  1984) 
types  of  vegetation  were  found  in  China  during  the  Eocene.  In  northern  China,  broad- 
leaved  deciduous  forests  containing  a  few  conifers  and  evergreen  trees  existed  under  a 
humid,  subtropical  climate.  In  central  China,  an  arid  subtropical  environment  supported 
xeromorphic  vegetation.  In  southern  China,  a  humid,  tropical  environment  supported 
broad-leaved  evergreen  and  deciduous  forests  (Guo,  1984). 

Wolfe  (1985)  presents  a  much  simpler  picture  of  climate  and  vegetation  in  the 
Chinese  Paleogene.  During  the  latest  Paleocene-Early  Eocene,  Wolfe  recognizes  only 
Tropical  Rain  Forest  in  China  and  other  parts  of  eastern  Asia  (Wolfe,  1985,  Fig.  5). 
However,  no  data  points  were  given  in  Wolfe's  publication  for  eastern  Asia  and  his 
physiognomic  mapping  apparently  represents  a  continuation  of  trends  he  believes  existed 
in  Europe  and  North  America. 

During  the  Eocene,  Wolfe  (1985)  maps  four  types  of  forest  in  China  —  Noto- 
phyllous  Broad-Leaved  Evergreen  Forest,  Paratropical  Rain  Forest,  Tropical/Paratrop- 
ical  Semideciduous  Forest,  and  Tropical  Rain  Forest.  Wolfe  noted  that  the  boundary 
between  these  forests  would  migrate  depending  on  whether  the  vegetation  existed  during 
a  warm  or  cool  interval.  In  general,  the  boundary  between  the  Tropical  and  Paratropical 
Rain  Forest  had  been  displaced  5°  to  10°  toward  the  Equator  during  the  Eocene.  In 
contrast  to  Guo  (1984),  who  found  few  evergreen  dicots  in  northern  China,  Wolfe 
(1985)  characterized  the  region  as  being  dominated  by  evergreen  forest.  Once  more, 
Wolfe  (1985,  Fig.  8)  presents  no  data  points  to  support  his  mapping. 

THE  NEOGENE  VEGETATION  AND  CLIMATE  OF  EASTERN  ASIA 
The  closure  of  the  Tethys  at  the  Eocene-Oligocene  boundary  and  the  start  of  uplift 
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of  the  Qinghai/Xizang  Plateau  at  the  beginning  of  the  Neogene  caused  the  four  climatic 
belts  of  the  Paleogene  to  be  replaced  by  three  new  belts:  the  Qinghai/Xizang  humid 
temperate  belt,  the  northwest  arid  belt,  and  the  east  China  monsoon  belt  (Wang  Pinxian, 
1984). 

During  the  Paleogene,  the  climatic  zones  ran  from  east  to  west  across  all  of  eastern 
Asia.  Geologic  events  in  eastern  Asia  associated  with  the  closure  of  the  Tethys  and 
uplift  of  the  Qinghai/Xizang  Plateau  caused  a  total  change  in  circulation  patterns  and 
moisture  availability  during  the  Neogene.  During  the  Paleogene,  humidity  had  decreased 
from  west  to  east,  but  during  the  Neogene,  humidity  decreased  from  east  to  west. 

The  change  in  circulation  patterns  and  moisture  availability  occurred  gradually. 
During  much  of  the  Neogene,  the  mountains  of  the  Qinghai/Xizang  Plateau  had  insuf- 
ficient elevation  to  impede  atmospheric  circulation.  As  late  as  the  Pliocene,  the  Qinghai/ 
Xizang  Plateau  was  relatively  warm  and  moist  as  evidenced  by  the  occurrence  of  a 
Hipparion  fauna,  the  deposition  of  coal,  and  the  development  of  paleokarst  (Wang 
Pinxian,  1984). 

The  most  obvious  climatic  change  during  the  Neogene  was  the  development  of  the 
east  China  monsoon  belt.  The  east  China  monsoon  belt  had  several  climatic  subzones 
ranging  from  warm-temperate  to  tropical  from  north  to  south  (Wang  Pinxian,  1984). 
Climatic  fluctuation  associated  with  marine  transgression  also  occurred  in  eastern  China. 
The  late  Oligocene-Miocene  Leizhou  Peninsula  had  a  humid  temperate-subtropical  cli- 
mate. Following  marine  transgression  in  the  Miocene,  the  climate  became  warm,  humid, 
and  tropical  (Wang  Pinxian,  1984). 

In  summary,  Chinese  researchers  (Guo,  1984;  Wang  Xianzeng,  1984)  believe  that 
during  the  Oligocene  and  into  the  Miocene,  the  climate  gradually  became  cooler  and 
drier.  The  change  in  climate  caused  the  tropical  and  subtropical  floral  elements  to  move 
further  south  (Guo,  1984;  Wang  Xianzeng,  1984).  The  cooler,  drier  climate  was  due 
to  the  retreat  of  the  Tethys  from  western  Asia,  the  start  of  the  Qinghai/Xizang  orogeny, 
and  the  development  of  monsoonal  circulation  in  eastern  China.  Except  for  the  retreat 
of  the  Tethys,  the  changes  occurred  gradually  from  the  Paleogene-Neogene  boundary 
up  to  the  Quaternary  (Wang  Pinxian,  1984). 

In  the  Miocene,  Song,  et  al.  (1984)  recorded  three  floristic  regions  in  China:  the 
Qinghai/Xizang  QuercuslBetula  Thicket  Floristic  Region  (with  two  provinces),  the  In- 
land Forest-Meadow  and  Steppe  Floristic  Region  (with  three  provinces),  and  the  Eastern 
Monsoon  Broad-leaved  Forest  Floristic  Region  (with  three  provinces).  The  Qinghai/ 
Xizang  QuercuslBetula  Thicket  Floristic  Region  was  covered  by  temperate  forest  rich 
in  Betulaceae,  Ulmaceae,  Quercus,  and  Juglandaceae  in  the  Early  Miocene,  but  as  uplift 
occurred  in  the  Late  Miocene,  a  forest  dominated  by  alpine  Quercus,  Ulmaceae,  and 
Salicaceae  developed  as  a  result  of  a  cooler,  less  moist  climate. 

The  Inland  Forest-Meadow  and  Steppe  Floristic  Region  had  an  arid  to  semi-arid, 
cool  to  warm  temperate  climate.  This  floristic  region  was  dominated  by  herbs  and  shrubs 
of  the  Compositae,  Chenopodiaceae,  and  Nitraria  with  interspersed  woodlands  of  tem- 
perate trees  (Betulaceae,  Ulmaceae,  Fagaceae,  and  Juglandaceae).  Conifer  forests  cov- 
ered the  mountains. 

The  Eastern  Monsoon  Broad-leaved  Forest  Floristic  Region  had  a  warm,  moist 
climate  that  varied  from  temperate  in  the  north  to  tropical  in  the  south.  The  common 
temperate  families  were  the  Betulaceae,  Ulmaceae,  Fagaceae,  Salicaceae,  Aceraceae, 
Leguminosae,  Rosaceae,  Myricaceae,  and  Juglandaceae.  These  families  decreased  in 
importance  southward  in  favor  of  a  more  tropical  element.  A  number  of  subtropical 
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families  including  the  Lauraceae,  Nyssaceae,  and  Magnoliaceae  were  present  in  the 
southern  part  of  the  Eastern  Monsoon  Broad-leaved  Forest  Floristic  Region  as  well  as 
the  tropical  families  Annonaceae,  Rutaceae,  Santalaceae,  and  Sonneratiaceae. 

In  contrast  to  the  Chinese  researchers,  Wolfe  (1985,  Fig.  1 1 )  recognized  four  forest 
types  during  the  Miocene  in  eastern  Asia  —  the  Paratropical  Rain  Forest,  the  Noto- 
phyllous  Broad-Leaved  Evergreen  Forest,  the  Mixed  Northern  Hardwood  Forest,  and 
the  Mixed  Coniferous  Forest.  Data  to  support  Wolfe's  view  came  from  northern  Vietnam, 
Taiwan,  Japan,  and  Korea  but  not  from  China. 

The  vegetation  zones  identified  by  Wolfe  (1985)  in  the  Miocene  do  not  agree  with 
those  of  Chinese  researchers  (Song,  et  al.,  1984).  Wolfe  notes  that  Mixed  Coniferous 
Forest  is  found  in  southwestern  China.  Song,  et  al.  (1984)  map  this  region  as  the  Plateau 
Floristic  Subregion  of  the  Qinghai/Xizang  QuercuslBetula  Thicket  Floristic  Region. 
During  the  Miocene,  this  region  supported  temperate  dicot-dominated  forest.  Pine  pollen 
is  common  only  in  the  Inland  Forest-Meadow  and  Steppe  Floristic  Region,  where  the 
conifers  were  restricted  to  the  mountains.  Wolfe  maps  (1985)  the  Inland  Forest-Meadow 
and  Steppe  Floristic  Region  as  Mixed  Northern  Hardwood  Forest. 

Southeastern  China  supported  a  subtropical-tropical  forest  in  the  Miocene  (Song, 
et  al.,  1984).  However,  Wolfe  (1985)  classified  the  vegetation  as  Notophyllous  Broad- 
Leaved  Evergreen  Forest.  Wolfe's  regions  which  have  mean  annual  temperatures  equiv- 
alent to  the  subtropics  and  tropics,  the  Paratropical  and  Tropical  Rain  Forest,  occur  only 
in  southern  Asia  and  the  adjacent  islands  at  this  time.  By  Wolfe's  classification,  the 
presence  of  Notophyllous  Broad-Leaved  Evergreen  Forest  in  southeastern  China  indi- 
cates a  mean  annual  temperature  between  13°C  and  20°C.  Song,  et  al.  (1984)  classified 
the  area  as  tropical  to  subtropical.  The  mean  annual  temperature  of  southeastern  China 
should  be  greater  than  18°C  in  the  subtropics  and  24°C  in  the  tropics  (Holdridge,  1967). 
Thus,  in  southeastern  China  clear  disagreements  exist  between  Wolfe  and  Chinese 
researchers  on  both  the  types  of  vegetation  found  in  the  region  and  the  prevailing  mean 
annual  temperature. 

THE  QUATERNARY  VEGETATION  AND  CLIMATE  OF  EASTERN  ASIA 

Major  uplift  of  the  Qinghai/Xizang  Plateau  during  the  Middle  Pleistocene  intensified 
the  monsoonal  climate  of  eastern  China  (Wang  Pinxian,  1984)  while  causing  western 
China  (the  Qinghai/Xizang  Plateau  itself)  to  become  colder  and  drier  (Liu  and  Ding, 
1984).  Four  cyclic  alpine  glaciations  occurred  on  the  Qinghai/Xizang  Plateau  and 
throughout  the  mountains  of  western  China  (Wang  Pinxian,  1984):  the  Early  Pleistocene 
Xixabangma  glaciation,  the  Middle  Pleistocene  Nienniexungla  glaciation,  the  Late  Pleis- 
tocene Qomolangma  glaciation,  and  the  Holocene  Rongbude  glaciation.  Sandy  (Shamo) 
and  stony  (Gobi)  deserts,  although  present  since  the  Late  Cretaceous/Early  Tertiary, 
commenced  major  expansions  in  China  during  the  Pleistocene  (Wang  Pinxian,  1984; 
Zhao  and  Xing,  1984).  The  large  amounts  of  loess  covering  much  of  central  and  northern 
China  had  their  source  in  these  deserts  (Wang  Pinxian,  1984). 

Glaciation,  if  not  present  in  eastern  China,  caused  considerable  latitudinal  move- 
ment of  the  climatic  belts  in  this  region.  The  unglaciated  portions  of  western  China  did 
not  suffer  as  much  as  eastern  China  because  the  mountains  of  western  China  prevented 
the  southern  flow  of  Siberian  air.  In  eastern  China,  a  district  "cold  trough"  developed 
(Wang  Pinxian,  1984).  Nineteen  major  climatic  shifts  between  warm,  humid  and  cold, 
dry  climates  are  documented  in  northern  China  (Liu  and  Ding,  1984).  At  least  three 
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cycles  of  humid  and  dry  climates  have  been  found  in  the  coastal  areas  of  the  Gulf  of 
Tonkin.  Alteration  of  climate  extended  to  the  tropical/subtropical  zones  of  China  (Wang 
Pinxian,  1984). 

At  times  during  the  Quaternary,  sea  level  was  lowered  sufficiently  for  Hainan, 
Taiwan,  and  Japan  to  be  connected  to  the  mainland  (Liu  and  Ding,  1984;  Xu  Ren, 
1984).  The  movement  of  the  continental  margin  to  the  east  caused  the  overall  climate 
of  China  to  become  more  arid  than  it  is  at  present.  The  overall  trend  during  the  Pleistocene 
led  to  the  retreat  of  the  warm,  moist  environments  of  the  Pliocene  southward  from 
approximately  42°N  latitude  to  about  25°N  to  30°N  latitude  today. 

During  the  Late  Pleistocene  in  China,  the  boreal  forest  was  displaced  from  9°  to 
10°  southward  in  latitude  as  mean  annual  temperature  dropped  from  between  9°C  to 
1 1°C.  Temperature  decreases  in  south  China  were  approximately  5°C,  enough  to  prevent 
a  subtropical  climate  from  existing  (Zhang  Lansheng,  1984).  During  the  Late  Pleisto- 
cene, wooly  rhinoceros  (Coelodonta  antiquitatis)  and  wooly  mammoth  {Mammuthus 
primigenius)  ranged  as  far  south  as  the  Yangtze  River  Valley  (Wang  Pinxian,  1984). 
At  the  same  time,  vast  deserts  appeared  in  northwest  China  as  the  climate  became  drier, 
and  xerophyllous  plant  families  such  as  the  Ephedraceae  and  Chenopodiaceae  underwent 
considerable  diversification.  Elements  of  the  northern  and  southern  floras  became  in- 
termingled as  a  result  of  repeated  migrations  (Wang  Pinxian,  1984).  Similar  patterns 
of  plant  migration  are  encountered  in  the  Neogene  and  Quaternary  of  Japan  (Tanai, 
1961;  Tanai  and  Huzioka,  1967;  Tsuda,  etal.,  1984;  Yasuda,  1984). 

Three  major  Holocene  climatic  stages  are  known  in  China  (Wang  Pinxian,  1984): 
in  the  Early  Holocene  (10000  BP  to  8000  BP),  the  mean  annual  temperature  was  5°C 
to  6°C  lower  than  at  present;  in  the  Middle  Holocene  (8000  BP  to  3000  BP),  it  was 
2°C  to  4°C  higher  than  at  present;  and  in  the  Late  Holocene  (3000  BP  to  the  present), 
a  cooling  trend  with  frequent  2°C  to  4°C  fluctuations  was  recorded. 

The  number  of  environmental  belts  in  China  increased  from  either  three  (Wang 
Pinxian,  1984)  or  four  (Liu  and  Ding,  1984)  in  the  Pliocene/Early  Pleistocene  up  to 
thirteen  at  the  present  time  (Liu  and  Ding,  1984).  In  contrast,  Wolfe  recognizes  from 
five  (Wolfe,  1971)  to  eleven  (Wolfe,  1979)  climatic  zones  in  modern  China.  Although 
Wolfe's  total  (1 1 )  is  quite  close  to  the  total  (13)  of  Liu  and  Ding,  a  comparison  of  their 
climatic  maps  (Liu  and  Ding,  1984,  Fig.  13;  Wolfe,  1979,  Plate  1)  indicates  there  is 
no  correlation  between  their  climatic  zones  and  those  of  Wolfe.  Wolfe  has  not  discussed 
the  climatic  and  floral  changes  found  in  China  during  the  Quaternary  in  any  of  his 
publications. 

STABILITY  OF  THE  VEGETATION  AND  CLIMATE  OF  EASTERN  ASIA 

A  careful  analysis  of  the  vegetational  history  of  China  indicates  that  a  stable 
vegetation  has  not  existed  in  eastern  Asia  for  the  millions  of  years  required  by  Wolfe 
(1979,  1987a)  to  allow  the  development  of  a  close  correlation  between  foliar  physi- 
ognomy and  climate.  The  Arctic  cold  fronts  that  are  so  crucial  to  Wolfe's  criticism  of 
the  vegetation  of  eastern  North  America  played  and  are  continuing  to  play  an  active 
role  in  eastern  Asia. 

During  the  Pleistocene,  the  average  January  temperature  in  all  of  eastern  China 
with  the  exception  of  the  extreme  southeastern  portion  was  -5°C  or  less  (Zhang  Lansheng, 
1984).  A  mean  cold  month  temperature  of  less  than  -2°C  would  be  sufficient  to  eliminate 
the  Mixed  Mesophytic  Forest,  the  Mixed  Broad-Leaved  Evergreen  and  Coniferous 
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Forest,  the  Mixed  Broad-Leaved  Evergreen  and  Deciduous  Forest,  the  Notophyllous 
Broad-Leaved  Evergreen  Forest,  the  Microphyllous  Broad-Leaved  Evergreen  Forest, 
the  Paratropical  Rain  Forest,  and  the  Tropical  Rain  Forest  from  China.  Using  Wolfe's 
(1987a)  own  criteria,  the  vast  majority  of  the  landscape  of  China  was  covered  by  tundra, 
taiga,  Mixed  Coniferous  Forest,  and  Mixed  Northern  Hardwood  Forest. 

No  correlation  exists  between  the  vegetation  types  outlined  by  Chinese  workers 
and  the  physiognomic  types  of  vegetation  recognized  by  Wolfe  (1985)  through  the 
Cenozoic.  Events  in  China  during  the  Pleistocene  indicate  that  the  vegetation  of  eastern 
Asia  underwent  changes  as  severe  as  those  encountered  in  eastern  North  America.  All 
the  failings  listed  for  the  vegetation  of  eastern  North  America  are  exhibited  by  the 
vegetation  of  eastern  Asia  —  namely,  extinction  of  major  portions  of  the  existing  floras, 
introduction  of  a  major  new  floral  element  (the  boreal  forest)  to  the  region,  extensive 
migration  and  intermingling  of  the  vegetation,  and  evolution  and  diversification  of 
formerly  minor  plant  groups  (Li,  et  ai,  1984;  Wang  Xianzeng,  1984). 

Thus,  the  current  vegetation  of  eastern  Asia  is  not  uniquely  suited  for  studying  the 
relationship  between  leaf  form  and  climate.  The  current  vegetation  pattern  and,  therefore, 
the  variation  in  leaf  form  are  simply  points  on  a  continuum  of  environmental  and 
vegetational  change.  Wolfe  once  realized  that  vegetation  is  continuously  changing.  His 
arguments  against  the  existence  of  the  Arcto-Tertiary  Geoflora  (Wolfe,  1969a,  1969b) 
indicate  this  quite  clearly.  His  views  on  the  study  of  foliar  physiognomy  in  modern 
vegetation  should  be  changed  to  reflect  this  fact. 

CONCLUSIONS 

A  careful  analysis  of  Wolfe's  data  sources  has  indicated  that  the  vegetation  of 
eastern  Asia  is  not  uniquely  suited  to  the  study  of  foliar  physiognomy.  If  Wolfe  truly 
believes  that  the  most  important  limiting  factor  active  in  eastern  North  America  is  the 
continuing  presence  of  Arctic  cold  fronts  (Wolfe,  1979,  1980,  1985),  then  he  cannot 
dismiss  the  role  of  this  factor  in  eastern  Asia.  In  addition  to  this  theoretical  issue, 
Wolfe's  research  also  shows  a  number  of  methodological  flaws. 

Wolfe  (1981)  has  complained  about  "the  gross  nature  of  a  county-by-county  com- 
pilation" of  species  presence  such  as  Dolph  and  Dilcher  (1979)  used  in  their  study  of 
the  foliar  physiognomy  of  North  and  South  Carolina.  An  analysis  of  Wolfe's  data 
indicates  that  his  sample  areas  are  much  larger  (i.e.,  much  grosser)  than  those  used  by 
Dolph  and  Dilcher. 

Wolfe  (1981)  claims  that  his  study  of  the  climate  and  vegetation  of  eastern  Asia 
(Wolfe,  1979)  is  based  on  quadrat  studies  and  local  floras.  As  proof,  he  cites  the  study 
of  Sato  (1946)  in  Japan  and  the  flora  of  Hong  Kong.  Sato  did  use  quadrat  studies. 
However,  he  was  the  only  author  cited  by  Wolfe  who  did  so.  In  addition,  Wolfe  never 
used  Sato's  data  to  establish  his  initial  correlation  between  leaf  margin  variation  and 
mean  annual  temperature  (Wolfe,  1971). 

Of  the  eighteen  sample  areas  listed  by  Wolfe  (1971),  only  Hong  Kong  has  a  smaller 
area  (1,061  km2)  than  the  average  sample  area  (1,486  km2)  used  by  Dolph  and  Dilcher 
(1979)  in  North  and  South  Carolina.  Wolfe's  sample  areas  (Wolfe,  1971)  ranged  from 
a  low  of  1,061  km2  (Hong  Kong)  to  a  high  of  483,840  km2  (Manchuria).  The  average 
size  of  Wolfe's  sample  areas  was  62,793  km2.  Some  of  Wolfe's  sample  areas  are  larger 
than  those  used  by  Dolph  and  Dilcher  by  a  factor  of  325.  None  of  Wolfe's  sample  areas 
are  smaller  than  the  average  sample  area  (1 ,019  km2)  used  by  Dolph  (1984)  in  Indiana. 
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Wolfe  ( 1 98 1 )  states  in  relation  to  the  study  of  leaf  margin  variation  in  North  and 
South  Carolina  (Dolph  and  Dilcher,  1979)  that  "if  leaf  margin  data  are  averaged  for  a 
county,  then  so  should  temperature  data."  This  suggestion  is  meaningless  ^because 
accurate  weather  data  are  not  available  from  every  county  in  any  state.  The  optimum 
solution  is  to  use  the  highest  possible  density  of  reliable  weather  stations. 

The  area  of  the  Carolinas  is  216,995  km2.  One  hundred  twelve  weather  stations 
were  found  in  the  Carolinas  which  provided  adequate  weather  information  for  analysis. 
The  weather  station  density  in  the  Carolinas  is  one  weather  station  for  every  1 ,937  km2. 

In  a  more  recent  study,  Dolph  (1984,  1987)  analyzed  the  vegetation  of  Indiana. 
The  area  of  Indiana  is  93,720  km2.  Sixty-five  weather  stations  provided  usable  data  in 
Indiana.  One  weather  station  occurs  approximately  every  1 ,442  km2  in  Indiana. 

In  his  study  of  the  forests  and  climate  of  eastern  Asia,  Wolfe  (1979)  analyzed  an 
area  of  approximately  8,652,800  km2  in  which  427  weather  stations  were  found.  The 
weather  station  density  was  one  weather  station  for  every  20,264  km2.  The  actual  density 
of  weather  stations  providing  reliable  data  in  the  Carolinas  was  at  least  10  times  greater 
than  Wolfe's  density  in  China.  In  Indiana,  the  density  was  14  times  as  great. 

A  careful  look  at  Wolfe's  criticisms  (1981)  of  the  foliar  physiognomic  study  of 
the  Carolinas  (Dolph  and  Dilcher,  1979)  raises  the  question  of  how  carefully  this  study 
was  read.  Wolfe  (1981)  criticized  Dolph  and  Dilcher' s  (1979)  study,  because  the  var- 
iation in  leaf  margin  type  with  respect  to  mean  annual  biotemperature  and  not  mean 
annual  temperature  was  mapped.  Wolfe  (1979)  dismisses  any  use  of  mean  annual 
biotemperature,  because  he  believes  that  leaf  margin  variation  is  much  more  closely 
correlated  with  mean  annual  temperature  than  with  mean  annual  biotemperature. 

The  mean  annual  biotemperature  is  the  sum  of  the  mean  temperatures  greater  than 
0°  C  and  less  than  30°  C  for  a  specific  time  period  divided  by  the  total  number  of  time 
units  for  which  data  were  available  in  that  time  period  (Holdridge,  1967;  Holdridge,  et 
al.,  1971).  The  method  of  calculation  reflects  the  belief  that  temperature  only  affects 
the  plants  over  the  range  where  they  are  physiologically  active;  that  is,  between  0°  C 
and  30°  C.  When  calculating  mean  annual  biotemperature,  if  no  values  are  below  0°  C 
or  above  30°  C,  the  mean  annual  biotemperature  will  equal  the  mean  annual  temperature. 
This  was  the  case  in  the  Carolinas  (Dolph  and  Dilcher,  1979),  where  "...  the  biotem- 
perature at  each  station  was  equal  to  the  mean  annual  temperature  at  that  station." 
Therefore,  Wolfe's  criticism  has  no  factual  basis. 

The  fatal  flaws  in  his  theoretical  choice  of  eastern  Asia  as  a  standard  as  well  as 
his  methodological  errors  show  why  Wolfe's  (1981)  application  of  foliar  physiognomy 
is  not  internally  consistant.  Although  he  presents  data  showing  that  a  perfect  correlation 
(the  Pearson  product-moment  correlation  coefficient  is  0.98)  exists  between  the  variation 
in  leaf  margin  type  and  mean  annual  temperature  in  the  modern  vegetation  of  eastern 
Asia,  Wolfe  (1981)  is  satisfied  if  the  same  method  can  position  paleoisotherms  within 
100  km  to  200  km  of  their  actual  position.  Given  the  flawed  nature  of  the  theory,  it  is 
amazing  that  the  paleoisotherms  are  even  that  accurate.  Paleoclimate  maps  and  floral 
classifications  based  on  the  foliar  physiognomy  method  should  be  carefully  scrutinized 
before  they  are  accepted  as  accurate. 
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INTRODUCTION 

The  Plant  Diagnostic  Clinic  in  the  Department  of  Botany  and  Plant  Pathology  at 
Purdue  University  is  a  service  of  the  Cooperative  Extension  Service,  Purdue  Agricultural 
Experiment  Station.  Plant  disease  diagnosis  and  weed  identification  are  gratuitous  serv- 
ices offered  by  the  clinic.  Of  the  1757  specimens  received,  approximately  80%  were 
submitted  by  county  extension  agents.  The  remainder  of  samples  came  directly  from 
commercial  growers,  homeowners,  private  consultants  and  other  interested  persons. 
This  paper  is  a  summary  of  the  major  plant  diseases  and  disorders  which  were  diagnosed 
in  the  clinic  and  observed  throughout  the  state  in  1989. 

METHODS 

Plant  specimens  are  submitted  to  the  Plant  Diagnostic  Clinic  from  county  extension 
agents,  homeowners,  growers,  nursery  operators,  consultants,  and  others.  Specimens 
are  diagnosed  visually  or  by  culturing  the  pathogen  on  selected  media.  Some  virus 
diseases  are  diagnosed  by  the  leaf  dip  (negative  stain)  technique  utilizing  the  electron 
microscope.  Serological  rapid  assay  detection  is  also  utilized.  Once  a  disease  or  disorder 
is  diagnosed,  appropriate  control  measures  are  suggested.  A  summary  of  the  samples 
diagnosed  from  January  1  through  October  20,  1989  is  given  in  Table  1. 

RESULTS 

As  of  October  20,  1989  the  clinic  has  received  1757  samples,  including  agronomic, 
ornamental,  fruit,  turf  and  vegetable  crops  (Table  1).  Of  these  samples,  approximately 
54%  were  diagnosied  as  infectious  disease  problems,  23%  were  diagnosed  as  environ- 
mental/site disorders,  13%  were  diagnosed  as  chemical  injury  and  5%  exhibited  a 
nutritional  problem.  The  remaining  samples  were  either  damaged  by  insects,  were  poor 
samples  or  lacked  adequate  information  for  a  proper  diagnosis. 

In  contrast  to  the  hot,  dry  summer  of  1988,  with  record  drought  conditions,  1989 
was  cooler  than  normal,  with  near  to  above  normal  precipitation  throughout  most  of 
Indiana.  These  conditions  were  conducive  to  outbreaks  of  many  diseases.  The  number 
of  specimens  submitted  to  the  Plant  Diagnostic  Clinic  was  the  largest  since  its  inception 
in  1960  (Evans,  et  aL,  1980,  1981;  Recknold,  et  al.,  1974;  Ruhl,  et  al.,  1982-1988). 

SHADE  AND  ORNAMENTAL  TREES 

Diseases:  Cool,  damp  spring  weather  was  conducive  to  several  woody  plant  dis- 
eases. Sycamore  anthracnose  (Gnomonia  platani)  was  devastating.  Shoot  and  bud  blight 
were  followed  by  severe  twig  blight  and  cankering.  However,  the  leaf  blight  phase  of 
the  disease  was  almost  completely  absent.  Outbreaks  of  ash  anthracnose  (Gloeosporium 
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Table  1 .  Plant  samples  received  in  the  Purdue  Plant  Diagnostic  Clinic 

Jan  1  through  Oct  20,  1989. 


Number  of 

Plant  Specimen 

Samples 

Diseases2 

Disorders3 

Chem.4 

Nutr. 

Insect6 

Other7 

AGRONOMIC 

Corn 

165 

54 

49 

79 

8 

6 

14 

Soybeans 

183 

150 

21 

63 

8 

3 

25 

Small  Grain 

133 

91 

31 

34 

7 

4 

23 

Forage  Grasses 

and  Legumes 

22 

16 

2 

0 

0 

3 

1 

ORNAMENTAL 

Trees-Shade  and 

Ornamental 

374 

105 

133 

11 

9 

65 

83 

Shrubs  and 

Groundcover 

106 

41 

18 

0 

0 

1 

28 

Flowers 

183 

110 

42 

5 

18 

5 

27 

House  Plants 

33 

8 

5 

0 

8 

1 

12 

FRUIT 

Tree  Fruit 

96 

46 

21 

2 

3 

14 

16 

Small  Fruit 

46 

23 

9 

2 

1 

4 

12 

VEGETABLE 

151 

102 

17 

7 

14 

6 

29 

TURFGRASS 

69 

102 

4 

0 

2 

3 

6 

PLANT  I.D. 

196 

— 

— 

— 

— 

TOTAL 

1757 

848 

352 

203 

78 

115 

276 

1 )  The  number  of  diagnosed  problems  add  up  to  more  than  the  number  of  samples  received  since  many  samples  may  have 
more  than  one  problem. 

2)  Problems  caused  by  an  infectious  disease  causing  agent,  e.g.  fungus,  bacterium,  virus,  mycoplasma,  nematode. 

3)  Problem  caused  by  noninfectious  environmental  stress,  e.g.  wind,  drought,  heat,  soil  compaction,  etc. 

4)  Problem  caused  by  herbicide/pesticide  misuse. 

5)  Problem  caused  by  a  nutrient  imbalance. 

6)  Problem  caused  by  an  insect.  Does  not  include  samples  submitted  to  Entomology  Diagnostic  Clinic. 

7)  "Other"  includes  the  causal  agent  categories:  No  disease,  and  inadequate  sample  for  diagnosis. 


aridum)  and  maple  anthracnose  {Gloeospohum  apocryptum)  were  relatively  mild,  but 
more  common  than  in  1987  or  1988  (Ruhl,  et  al.  and  Ruhl,  et  al.).  Apple  scab  (Venturia 
inaequalis)  on  crabapples  was  also  the  most  severe  it's  been  in  memory.  The  severity 
of  scab  caused  unusual  symptoms  on  the  more  scab  susceptible  cultivars;  terminal  growth 
wilted  and  turned  dark  brown  to  black,  similar  to  the  appearance  of  twig  blight  caused 
by  fire  blight.  Dutch  elm  disease  {Ceratocystis  ulmi)  and  elm  yellows  (MLO)  were 
common  all  across  the  state  this  summer.  Mortality  from  these  diseases  appeared  to  be 
more  prevalent  this  year  than  in  the  past  five  years  (Ruhl  et  al.,  1984-1988). 

Disorders:  In  contrast  to  the  hot,  dry  summer  of  1988,  with  record  drought  con- 
ditions, 1 989  was  far  cooler  than  normal  with  near  to  above  normal  precipitation  through- 
out most  of  Indiana.  In  addition,  the  winter  of  1988-89  was  relatively  mild  with  few 
rapid  changes  in  temperature.  As  a  consequence,  little  if  any  freeze  damage  occurred 
on  trees  and  shrubs,  even  though  many  woody  plants  entered  the  winter  severely  weak- 
ened by  the  1988  drought.  During  July  and  August,  several  calls  were  received  con- 
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cerning  white  pine  needles  that  were  bending  and  drooping.  The  droop  was  attributed 
to  the  hot,  humid  and  rnoist  growing  conditions  this  year. 

Table  2.  Clinic  Samples  from  Indiana  that  tested  positive  for  Tomato  Spotted  Wilt 

Greenhouse  Ornamentals  Greenhouse  Vegetable  Transplants 

(impatiens  strain  of  TSWV)  (impatiens  strain  of  TSWV) 

Gloxinia  Eggplant 

Portulaca  Celery 

Dahlia 

Coleus  (impatiens  and  common  strain  of  TSWV) 

Babysbreath 

Garden  impatiens  Tomato 

Double  impatiens  Pepper 

New  Guinea  impatiens 

Nonstop  tuberous  begonia 

Exacum 


ORNAMENTALS 

Diseases:  In  greenhouse  ornamentals,  Tomato  Spotted  Wilt  (TSWV)  continued  to 
be  a  serious  problem.  Samples  that  tested  positive  for  the  virus  in  Indiana  included 
garden  and  new  guinea  impateins  (Table  2).  In  addition,  some  vegetable  crops  grown 
as  transplants  in  Indiana  greenhouses  also  tested  positive  for  TSWV  (Table  2).  Spread 
of  the  TSWV  by  its  vector,  the  western  Flower  Thrips  (WFT)  has  been  increasing  as 
the  WFT  is  becoming  the  dominant  species  of  thrips  in  greenhouses  due  to  its  tolerance 
to  many  insecticides.  The  wide  host  range,  variability  in  symptom  expression  and 
difficulty  in  vector  eradication  all  contribute  to  making  TSWV  a  difficult  disease  to 
control.  It  is  at  present  the  most  important  problem  in  the  greenhouse  ornamentals 
industry.  Black  spot  (Diplocarpon  rosae)  of  rose  was  especially  noticeable  during  early 
spring  and  summer.  As  in  previous  years  of  this  survey,  powdery  mildew  was  prevalent 
during  late  summer  on  lilac,  zinnia,  dahlia  and  numerous  other  susceptible  hosts. 

Disorders'.  Little  if  any  freeze  damage  occurred  on  woody  ornamentals,  even 
though,  as  mentioned  previously,  many  woody  plants  entered  the  winter  severely  weak- 
ened by  the  1988  drought. 

TREE  FRUITS 

Diseases:  Cool,  damp  spring  weather  resulted  in  severe  apple  scab  (Venturia  in- 
aequalis)  in  unsprayed  orchards.  The  above  normal  rainfall  also  resulted  in  brown  rot 
{Monilinia  fructicola)  of  stone  fruits  (cherry,  peach,  plum  and  nectarine)  being  very 
prevalent  throughout  harvest.  Fire  blight  (Erwinia  amylovora)  of  pear  and  apple  was 
most  severe  in  localized  areas  of  southern  Indiana  but  was  not  widespread.  Frequent 
and  heavy  rainfall  during  summer  resulted  in  sooty  blotch  (Gloeodes  pomigena)  and  fly 
speck  (Microthyriella  rubi)  of  apple  fruit  being  extremely  common  throughout  the  state. 
The  wet  conditions  throughout  the  year  triggered  an  increase  in  collar  rot  of  apple 
{Phytophthora  cactorum)  which  was  detected  in  a  number  of  orchards  in  late  summer. 
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Disorders:  The  apple  crop  was  lighter  than  normal  in  some  areas  due  to  a  very 
heavy  June  Drop  or  light  return  on  some  cultivars.  These  effects  were  thought  to  relate 
in  part  to  the  1988  drought  in  combination  with  planting  density.  Hail  damage  occurred 
in  a  number  of  orchards  in  southern  Indiana. 

SMALL  FRUITS 

Diseases:  Strawberry  grey  mold  (Botrytis  cinerea)  caused  significant  damage  in  a 
number  of  commercial  strawberry  plantings  throughout  the  state  due  to  the  wet  weather 
in  May  and  June.  In  a  few  fields  growers  suffered  up  to  a  50%  loss.  Strawberry  leaf 
spot  diseases  {Mycosphaerella  sp.;  Diplicarpon  sp.)  were  also  common. 

Disorders:  There  were  no  prominent  disorders  recorded  for  small  fruits.  Several 
complaints  of  poor  root/crown  systems  on  plants  set  in  1987  and  1988  were  attributed 
to  drought  related  stress  factors  of  the  1988  season. 

VEGETABLES 

Diseases  and  Disorders:  From  the  standpoint  of  vegetable  diseases,  1989  was  both 
a  normal  and  an  unusual  year.  As  expected,  Septoria  leaf  spot  (Septoria  lycopersici) 
defoliated  many  fresh  market  tomato  crops,  Alternaria  leaf  blight  (Alternaria  cucumer- 
ina)  consumed  its  share  of  melon  fields,  black  rot  {Xanthomonas  campestris  pv  cam- 
pestris)  occurred  with  its  usual  frequency  on  cabbage,  and  anthracnose  {Colletotrichum 
orbiculare)  appeared  in  many  cucumber  plantings.  Unexpected  diseases  included  a 
relatively  new  virus  disease  that  affected  a  significant  portion  of  our  tomato  acreage 
and  a  new  bacterial  disease  that  plagued  southwestern  Indiana  watermelons.  Certainly 
the  cool  wet  spring  and  the  rainy  summer  contributed  to  the  development  of  new  and 
old  diseases.  However,  the  normal  Midwestern  compliment  of  vegetable  diseases  may 
be  changing  due  to  changes  in  our  crop  management  practices  and  to  circumstances 
beyond  our  control. 

The  major  disease  concern  in  the  early  part  of  the  season  was  the  unusually  high 
incidence  of  tomato  spotted  wilt  virus  (TSWV)  among  our  processing-tomato  crop. 
There  were  several  reports  of  more  than  50%  infection.  In  such  fields  estimated  yields 
were  poor  and  some  farmers  decided  to  destroy  the  crop  early  and  try  to  cut  their  losses. 
In  many  other  cases  infection  was  estimated  at  less  than  5%,  a  situation  where  com- 
pensation by  neighboring  plants  would  off-set  the  loss  of  a  few  individuals.  Some  of 
the  infected  plants  were  introduced  from  southern  plant  growers;  others  originated  in 
Indiana  greenhouses  used  from  transplant  production.  The  virus  is  transmitted  by  the 
Western  Flower  Thrips  (WFT),  and  these  thrips  were  not  observed  in  Indiana  in  1989. 
Apparently,  there  was  no  detectable  spread  of  the  disease  in  the  field.  The  major  concern 
for  next  year  is  to  do  everything  possible  to  ensure  that  the  supply  of  transplants  is 
disease-free.  Southern  growers  must  do  their  best  to  provide  virus-free  plants.  Perhaps 
the  greater  threat  will  be  from  local  greenhouses  that  are  used  to  produce  flowers  as 
well  as  vegetable  transplants.  Many  common  flowers  are  hosts  (Table  2),  and  the  WFT 
will  survive  the  winter  in  Midwestern  greenhouses. 

As  our  resident-transplant  industry  continues  to  grow,  following  the  trend  occurring 
in  other  midwestern  states,  previously  scarce  diseases  may  make  a  more  regular  ap- 
pearance. For  the  first  time  in  eight  years,  Sclerotinia  stem  rot  (Sclerotinia  sclerotiorum) 
was  observed  in  a  greenhouse  used  for  tomato  transplant  production.  The  Sclerotinia 
fungus  (a  common  Midwestern  pathogen)  is  quite  capable  of  taking  full  advantage  of 
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the  ideal  greenhouse  climate  (warm  and  humid)  and  the  availability  of  an  ample  supply 
of  susceptible  seedlings.  Incidence  of  Sclerotinia  stem  rot  is  expected  to  increase  in  the 
future.  The  wet  summer  weather  certainly  helped  to  promote  the  spread  of  bacterial 
canker  of  tomato  {Clavibacter  michiganense  pv  michiganense).  Foliar  symptoms  were 
widespread  by  mid-July.  The  extent  of  yield  losses  due  to  canker  remains  unknown. 
The  fact  that  canker  is  a  seed-borne  pathogen  also  increases  the  threat  of  disease  de- 
velopment in  our  resident  greenhouse-grown  transplants. 

The  bacterial  fruit  blotch  of  watermelon,  a  disease  that  is  new  to  Indiana,  caused 
some  very  substantial  yield  losses  (more  than  90%  in  some  fields).  Nomenclature  of 
the  pathogen  remains  uncertain.  It  was  identified  as  Pseudomonas  pseudoalcaligenes 
in  the  mid- 1 960s.  Technological  advances  in  methods  for  distinguishing  plant  pathogenic 
bacteria  have  precipitated  a  tentative  change  to  Chromobacterium  violacearum.  Initially 
the  disease  was  isolated  to  the  Prince  Charles  variety  of  watermelon;  it  spread  to  other 
watermelon  varieties  later  in  the  season.  The  disease  occurred  in  several  fields  near 
Oaktown,  IN.  It  also  will  attack  cantaloupe  and  other  cucurbits.  Because  it  is  not  known 
whether  this  bacterial  pathogen  will  overwinter  in  the  Midwest,  we  must  proceed  with 
disease  control  recommendations  as  though  it  will  survive.  There  is  very  strong  evidence 
that  the  pathogen  is  seed-borne.  With  proper  management  precautions  and  a  disease- 
free  supply  of  seed,  we  may  be  able  to  eradicate  the  bacterial  fruit  blotch. 

AGRONOMIC  CROPS 

Diseases  and  Disorders  -  Corn:  Only  minor  seedling  blight  problems  due  to  path- 
ogenic organisms  were  encountered  in  spite  of  the  wet  spring.  The  majority  of  the 
emergence  problems  encountered  in  the  State  were  due  to  non-infectious  agents. 

Leaf  blight  diseases  were  more  prevalent  in  1989  than  in  1988  (Ruhl,  et  al.,  in 
press)  due  to  considerably  more  rainfall.  Northern  corn  leaf  blight  {Exserohilum  tur- 
cicum)  caused  significant  yield  losses  in  a  few  scattered  fields  planted  to  highly  sus- 
ceptible hybrids  in  the  west  central  portion  of  Indiana.  Southern  corn  leaf  blight 
{Cochliobolus  heterostrophus)  was  widespread  in  the  State,  but  caused  only  minor  yield 
reductions  in  a  few  scattered  fields.  Northern  corn  leafspot  {Cochliobolus  carbonum) 
was  widespread  and  prevalent  in  many  seed  production  fields  planted  to  susceptible 
inbreds.  This  disease  was  present  in  hybrids,  but  to  a  much  less  degree  and  was  not 
considered  to  be  damaging.  Gray  leaf  spot  (Cercospora  zeae-maydis)  was  identified  in 
several  fields  in  the  southern  half  of  the  State  and  caused  some  yield  reduction  in  a  few 
fields.  Anthracnose  {Colletotrichum  graminicola)  leaf  blight  was  present  in  many  fields 
in  the  State,  especially  early  in  the  season,  but  caused  very  minor  damage.  This  disease 
was  most  noticeable  later  in  the  season  as  a  top-kill  phase.  Yield  losses  from  the  top- 
kill  phase  of  anthracnose  are  unknown. 

Due  to  the  wet  spring  and  flooding  of  some  fields  shortly  after  planting,  crazy  top 
(Sclerophthora  macrospora)  was  observable  in  many  fields.  However,  crazy  top  did 
not  affect  a  large  number  of  plants  in  any  given  field  to  our  knowledge. 

Stalk  rots  were  prevalent  in  the  State,  but  early  harvest  conditions  were  good  and 
severe  lodging  occurred  in  only  individual,  scattered  fields.  Fusarium  {Fusarium  mon- 
iliforme),  Gibberella  (Gibberella  zeae)  and  anthracnose  (C.  graminicola)  were  the  most 
commonly  encountered  stalk  rot  pathogens. 

An  extensive  ear  rot  survey  was  conducted  in  cooperation  with  the  Indiana  Agri- 
cultural Statistics  Service  during  the  1989  harvest  season.  Approximately  70%  of  the 
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ears  from  earlier  maturing  hybrids  had  from  1-3%  ear  rot.  Later  maturing  varieties  had 
approximately  30%  of  the  ears  with  1-3%  ear  rot.  Fusarium  ear  rot  (F.  moniliforme) 
was,  by  far  the  most  commonly  identified  ear  rot  pathogen  (>90%)  and  was  found 
throughout  the  State.  Minor  amounts  of  Gibberella  ear  rot  (G.  zeae)  were  identified 
from  northwestern  and  central  Indiana.  Other  minor  ear  rots  caused  by  Penicillium  spp., 
Trichoderma  spp.  and  Alternaha  spp.  were  identified  from  the  State.  There  was  no 
indication  of  any  aflatoxin  in  any  of  the  samples. 

Diseases  and  Disorders  -  Soybeans:  Due  to  the  wet  spring,  seedling  blight  problems 
due  to  Phytophthora  me  gasper  ma  f.  sp.  glycinea,  Rhizoctonia  solani  and  the  Diaporthel 
Phomopsis  spp.  complex  occurred  in  many  fields.  Some  fields  were  partially  or  totally 
replanted  due  to  the  disease/environment  interaction. 

Foliar  diseases  were  more  prevalent  in  1989  than  in  1988  (Ruhl,  et  al.,  in  press) 
due  to  heavier  rainfall  patterns.  Brown  spot  (Septoria  glycines)  appeared  early  and 
continued  to  develop  through  July.  Fortunately  drier  weather  prevailed  during  the  latter 
part  of  August  and  in  September.  Some  fields  had  sufficient  defoliation  to  cause  minor 
yield  losses.  Bacterial  blight  {Pseudomonas  syringae  pv.  glycinea)  was  widespread,  but 
did  not  cause  significant  yield  losses.  Downy  mildew  (Peronospora  manshurica)  was 
also  prevalent  but  did  not  cause  yield  reductions.  Soybean  mosaic  (SBMV)  and  bud 
blight  (TRSV)  were  identified  in  several  fields,  with  bud  blight  being  severe  in  portion 
of  some  scattered  fields. 

Phytophthora  root  rot  (P.  megasperma)  occurred  thorought  the  growing  season  in 
fields  planted  to  susceptible  varieties.  Brown  stem  rot  {Philaophora  gregata)  was  the 
most  widespread  and  damaging  in  Indiana  in  at  least  the  past  twenty  years.  The  disease 
was  found  throughout  the  State  and  especially  in  the  western  half  from  the  Michigan 
to  the  Kentucky  borders.  A  few  severely  affected  fields  were  known  to  suffer  near  50% 
yield  losses.  Sudden  Death  Syndrome  {Fusarium  solani  race  A)  was  more  widespread 
and  damaging  than  in  the  past  three  years.  The  disease  was  identified  for  the  first  time 
in  three  new  northern  Indiana  counties  (Newton,  Carroll  and  Clinton). 

Pod  and  stem  blight  {Diaporthel Phomopsis  spp.  complex)  was  severe  in  many 
fields  planted  to  Group  II  and  early  Group  III  varieties  in  the  northern  half  of  Indiana 
and  on  later  maturing  varieties,  especially  in  the  southwestern  portion  of  the  State. 
Purple  seed  stain  {Cercospora  kikuchii)  was  found  in  many  areas  of  the  State,  but 
damage  was  light  to  moderate.  The  soybean  cyst  nematode  (Heterodera  glycines)  con- 
tinues to  be  an  increasing  and  serious  problem. 

Diseases  and  Disorders  -  Wheat:  Wheat  diseases  were  prevalent  during  1989. 
Early  in  the  spring,  symptoms  of  wheat  spindle  streak  mosaic  (WSSMV)  and  soilborne 
wheat  mosaic  (SBWMV)  were  observed  in  most  areas  of  the  State.  Both  virus  diseases 
are  caused  by  soilborne  viruses  that  are  transmitted  by  the  soilborne  fungus  Poly  my xa 
graminis,  and  produce  similar  symptoms.  Serological  tests  confirmed  both  viruses  were 
present  in  the  State.  Yield  losses  were  minimal  since  most  varieties  grown  in  the  State 
have  reasonable  resistance.  Wheat  streak  mosaic  (WSMV)  was  serologically  identified 
in  a  few  fields  in  1989.  This  destructive  virus  is  transmitted  by  the  wheat  curl  mite, 
and  is  found  in  those  years  that  are  conducive  to  increased  populations  of  the  mite 
coupled  with  early  planting.  The  1988  drought  produced  these  conditions.  The  barley 
yellow  dwarf  virus  was  at  a  very  low  level  in  1989,  as  indicated  by  a  state-wide  survey 
conducted  by  Dr.  Robert  Klein  and  Dr.  Richard  Lister,  Department  of  Botany  and  Plant 
Pathology,  Purdue  University.  Septoria  leaf  and  glume  blotch  {Leptosphaeria  nodorum) 
was  widespread  throughout  the  State  and  resulted  in  significant  yield  losses,  especially 
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in  the  central  and  southwestern  parts  of  Indiana.  Septoria  leaf  blotch  {Mycosphaerella 
graminicola)  was  present  in  many  fields  but  did  not  develop  to  damaging  levels.  Leaf 
rust  (Puccinia  recondita)  was  common  in  the  State,  but  not  severe  in  most  fields.  Stem 
rust  (P.  graminis)  was  found  in  the  northern  part  of  Indiana  and  caused  damage  to  late 
maturing  varieties.  Scab  {Gibberella  zeae)  was  sporadic  and  caused  only  minor  damage 
in  most  fields.  Take-all  (Gaeumannomyces  graminis),  sharp  eyespot  (Rhizoctonia  cer- 
ealis)  and  tan  spot  {Pyrenophora  tritici-repentis)  were  sporadic,  but  severe  in  some 
fields  where  wheat  followed  wheat. 

Disease  and  Disorders  -  Forage  and  Specialty  Crops:  Numerous  leaf  spot  diseases 
were  observed  early  in  the  season,  but  severe  damage  occurred  in  only  a  few  fields. 
The  most  damaging  disease  of  alfalfa  in  1989  was  Sclerotinia  stem  and  crown  rot 
(Sclerotinia  trifoliorum  or  S.  sclerotiorum).  This  disease  resulted  in  poor  to  non-eco- 
nomic stands  in  many  fall  seeded  alfalfa  fields. 

Sclerotinia  stem  rot  (S.  sclerotiorum)  of  canola  was  exceptionally  severe  in  some 
southern  Indiana  fields.  Yield  losses  of  over  50%  were  reported  from  some  fields. 

TURFGRASSES 

Brown  patch  (Rhizoctonia  solani)  and  dollar  spot  (Lanzia  or  Mellorodiscus  spp.) 
were  widespread  and  damaging  in  both  bentgrass  and  Kentucky  bluegrass  turf  areas. 
Several  foliar  diseases  including  Aschochyta  were  observed,  but  damage  was  generally 
light. 
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ABSTRACT:  Our  earlier  studies  demonstrated  that  thyroid  hormone  can  compensate  for  a  pro- 
gesterone deficiency  during  the  experimental  delay  of  implantation  in  rats.  The  current  study 
investigates  whether  thyroxin  may  exert  this  effect  by  influencing  uterine  progesterone  receptor 
levels  or  receptor  binding  affinity  in  rats.  Euthyroid,  hyperthyroid,  and  hypothyroid  rats  were 
ovariectomized  and  treated  with  estradiol.  Uterine  cytosol  was  prepared  and  incubated  with  'H- 
progesterone,  an  excess  of  Cortisol  ±  a  1 00  fold  excess  of  R5020  for  18-24  hours  at  4°C.  Calculations 
were  made  for  progesterone  receptor  picomoles/ng  protein  and  for  kinetics  of  dissociation.  Thyroid 
status  did  not  influence  either  of  these  parameters.  In  our  studies,  the  mechanism  by  means  of 
which  thyroid  hormone  acts  upon  uterine  physiology  does  not  seem  to  occur  via  alteration  of  the 
urterine  progesterone  receptor  levels  or  binding  affinity. 


INTRODUCTION 

Many  investigators  have  reported  that  thyroid  hormone  influences  the  reproductive 
system  and  pregnancy  in  a  variety  of  animal  species,  including  human  beings.  A  review 
of  some  of  this  literature  appears  in  other  publications  (Archer  and  Holland,  1981; 
Evans,  et  aL,  1983;  and  Leathern,  1972).  Despite  numerous  investigations  into  this 
phenomenon,  the  mechanism  by  means  of  which  thyroid  hormone  exerts  its  effect  upon 
reproduction  remains  unresolved. 

In  our  laboratory,  earlier  studies  of  this  phenomenon  utilized  the  technique  of 
experimentally  delayed  implantation  of  blastocysts,  which  allows  the  investigator  to 
control  some  of  the  variables  in  studies  of  reproduction  (Nutting  and  Meyer,  1963). 
Using  this  technique,  it  was  demonstrated  that,  in  rats  receiving  daily  injections  of  48 
(xg  L-thyroxine,  the  hyperthyroid  condition  was  able  to  significantly  counteract  the 
detrimental  effects  of  progesterone  deficiency  upon  the  number  of  surviving  blastocysts 
on  Day  8  of  pregnancy  or  the  number  of  implanting  blastocysts  on  Day  1 3  of  pregnancy. 
Surgical  thyroidectomy  had  the  opposite  effect  (Holland  et  aL,  1967,  1970).  The  thyroid 
effect  was  shown  to  be  exerted  during  the  progesterone-dependent  delay  period,  rather 
than  during  the  estrogen-dependent  implantation  process  (Holland  et  aL,  1970).  Also, 
our  studies  have  demonstrated  that  thyroid  hormone  can  exert  effects  by  acting  directly 
upon  the  blastocyst  (Archer  and  Holland,  1981)  and  can  act  by  influencing  uterine 
physiology  (Holland  et  aL,  1968). 

The  goal  of  the  current  research  in  our  laboratory  is  to  determine  the  mechanisms 
by  which  thyroid  hormone  exerts  its  effects  upon  female  reproductive  physiology.  The 
present  investigation  examines  whether  the  ability  of  thyroid  hormone  to  compensate 
for  progesterone  deficiency  during  blastocyst  maintenance  is  mediated  by  an  effect  upon 
the  uterine  progesterone  receptor.  Several  studies  in  other  laboratories  have  indicated 
that  the  uterus  may  be  a  target  organ  for  thyroid  hormone.  Most  significantly,  thyroid 
hormone  nuclear  receptors  have  been  identified  in  the  rat  uterus  (Evans  et  aL,  1983). 
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MATERIALS  AND  METHODS 

Sprague-Dawley-derived  female  albino  rats  (Harlan-Sprague-Dawley,  Indianapolis, 
IN)  between  60  and  120  days  old,  were  maintained  on  Wayne  Laboratory  Chow  and 
tap  water  ad  libitum  in  an  animal  room  at  25°C  with  a  daily  illumination  schedule  of 
14  hours  of  light  and  ten  hours  of  darkness.  Surgical  thyroidectomies  occurred  at  least 
thirty  days  prior  to  experimental  use  of  the  rats.  Hyperthyroidism  was  induced  by  daily 
injection  of  48  |xg  L-thyroxine  beginning  at  least  ten  days  prior  to  the  experiment. 

Euthyroid,  hypothyroid,  and  hyperthyroid  rats  were  ovariectomized  on  Day  1 , 
given  subcutaneous  injections  of  5  |xg  17  P-estradiol/200  grams  body  weight  on  Days 
4  and  5,  and  were  sacrificed  by  decapitation  24  hours  after  the  last  injection. 

CYTOSOL  PREPARATION 

The  prodcedure  for  uterine  cytosol  preparation  was  identical  to  the  method  of 
Walter  and  Clark  (1977).  This  included  homogenizing  the  uteri  in  30%  TG  buffer  (10 
mM  Tris,  30%  v/v/  glycerol,  pH  7.4)  in  a  cold  room  using  three  second  bursts  of  a 
Polytron  homogenizer  (Brinkman  Instruments)  with  one  minute  of  cooling  between 
bursts.  The  final  Homogenate  was  placed  in  centrifuge  tubes  and  certrifuged  at  800  g 
(2500  rpm)  in  a  Sorval  RC2-B  centrifuge  at  0-4°C  for  20  minutes.  The  supernatant  was 
removed  and  centrifuged  again  at  2500  g  (26,000  rpm)  in  a  Beckman  Model  L5-65 
ultracentrifuge  for  30  min  at  0-5°C.  Lung,  spleen,  and  diaphragm  cytosols  were  prepared 
in  a  similar  manner. 

SATURATION  ANALYSIS  AND  ONE  POINT  ASSAY 

500  \x\  aliquots  of  cytosol  preparations  were  incubated  with  3H-progesterone  for 
18-24  hours  at  0-4°C.  In  the  saturation  analyses,  3H-progesterone  concentrations  ranged 
from  either  0.5  mM-30.0  mM  or  1 .0  mM-20.0  mM.  For  each  radioligand  concentration, 
two  total  binding  tubes  and  two  nonspecific  binding  tubes  were  prepared.  Nonspecific 
binding  tubes  were  prepared  by  adding  a  500-fold  excess  of  Cortisol  plus  a  100-fold 
excess  of  R5020.  R5020  (17,  21 -dimethyl- 19-nor-4,  9-prenadiene-3,  20  dione)  is  a 
synthetic  progestin  that  has  a  high  affinity  for  the  progesterone  receptor.  For  the  one 
point  assays,  tubes  containing  20  mM  3H-progesterone,  a  500-fold  excess  of  Cortisol  ±  a 
100-fold  excess  of  R5020  were  prepared  as  above. 

DETERMINATION  OF  SPECIFICALLY  BOND  3H-PROGESTERONE 

For  the  saturation  analyses  and  one  point  assays,  incubations  were  terminated  by 
brief  exposure  (30  sec)  to  200  |xl  charcoal  suspension  (1 .0  g  charcoal  +  0.05  g  dextran/ 
100  ml  100%  TG  buffer)  and  shaking.  Tubes  were  immediately  centrifuged  in  a  Sorvall 
RC2-B  certrifuge  at  4500  rpm  for  6  min  at  4°C.  100  fxl  of  the  supernatant  was  pipetted 
into  5  ml  of  Aquasol  and  counted  in  a  Beckman  LS  900  Scintillation  counter. 

EBDA  AND  LIGAND  ANALYSIS 

In  the  saturation  analysis  experiments,  cpms  were  converted  to  dpms  using  the 
Equilibrium  Binding  Data  Analysis  (EBDA)  computer  program  (which  can  determine 
the  specific  activity  of  radio-labeled  steroids).  Distintegrations  per  minute  were  entered 
into  the  EBDA  program  and  estimates  of  Kd  (kinetics  of  dissociation)  and  Bmux  (binding 
affinity)  values  were  obtained.  The  Kd  serves  as  a  measure  of  the  affinity  of  the  pro- 
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FIGURE  1 . 
SMQRfOTON  ANMJS5  OF  IKE  progesterone  receptor 
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gesterone  receptor  for  progesterone.  Bmax  refers  to  the  total  number  of  specific  binding 
sites  in  the  system.  The  EBDA  program  was  also  used  to  create  data  files  that  could 
be  utilized  by  the  LIGAND  program.  LIGAND  is  a  computer  program  utilizing  non- 
linear regression  analysis  (developed  by  Munson  and  Robard,  1 980)  which  was  employed 
to  obtain  reliable  estimates  of  cytosolic  progesterone  receptor  levels  and  hormone  dis- 
sociation values  (Kd).  The  Kd  and  Bmax  estimates  and  saturation  analysis  data  files 
(prepared  by  EBDA)  were  entered  into  the  LIGAND  program.  The  LIGAND  program 
produced  a  scatchard  plot  for  each  saturation  analysis  experiment.  Protein  concentrations 
were  determined  by  the  Lowery  protein  assay  procedure  as  modified  by  Peterson  ( 1 979). 
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Figure  2.  Steroid  specificity  of  the  progesterone  receptor.  Uteri  from  ovariectomized  estrogen-primed  rats 
were  homogenized  in  30%  TG  buffer  (50  mg  tissue/ ml  buffer),  followed  by  centrifugation  and  isolation  of 
the  cytosol.  500  \x.l  aliquots  of  the  cytosol  were  incubated  with  5  nm  'H-progesterone  ±  a  100-fold  excess  of 
progesterone  (P),  R5020  (R),  Cortisol  (C),  triamcinolone  acetonide  (TR),  corticosterone  (CO)  or  I7fi-estradiol 
(E)  for  IS-24  hours  at  4°C.  Two  tubes  were  prepared  for  each  determination  of  competitor  inhibition.  Free 
radioligand  was  separated  by  charcoal  adsorption,  followed  by  centrifugation  and  expressed  as  %  inhibition 
of  the  total  radioligand  binding  in  the  uterine  cytosol. 
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Table  1 


Thyroid  Group 


Progesterone  Receptor 
pmoles/mg  protein 


Kinetics  of  Dissociation 
mM 


Hypothyroid 

Euthyroid 

Hyperthyroid 


0.731  ±0.016 
0.625  ±0.107 
0.555  ±0.141 


2.972  ±0.314 
3.560  ±  0.258 
3.200  ±  0.359 


RESULTS  AND  DISCUSSION 

Figure  l ,  shows  a  saturation  analysis  of  the  progesterone  receptor  in  the  uterine 
cytosol  obtained  from  estrogen-primed,  ovariectomized  rats.  The  data  from  this  experi- 
ment were  subjected  to  EBDA  analysis  and  the  results  plotted.  These  data  indicate  that 
saturation  of  the  progesterone  receptor  was  accomplished.  The  specificity  of  the  radi- 
oligand binding  in  the  crude  uterine  cytosol  was  examined  by  allowing  100-fold  excess 
of  various  steroids  (R5020,  Cortisol,  triamcinolone  acetate,  corticosterone  or  17  (3- 
estradiol)  to  compete  with  5  mM  of  3H-progesterone  for  binding  sites  in  uterine  cytosol. 

The  data  from  steroid  specificity  of  binding  studies  are  presented  in  Figure  2.  Only 
progesterone  and  R5020  showed  a  high  percent  of  inhibition  of  binding  of  3H-proges- 
terone  to  the  uterine  cytosol  preparation.  Very  similar  results  were  obtained  in  other 
experiments  using  20  mM  3H-progesterone.  Also,  in  other  experiments,  testosterone 
failed  to  show  any  competition  for  binding  sites  in  the  uterine  cytosol. 

Tissue  specificity  of  ^H-progesterone  binding  was  investigated  by  incubating  20 
mM  of  radioligand  with  a  500-fold  excess  of  Cortisol  ±  a  1 00-fold  excess  of  R5020  with 
crude  cytosol  preparations  of  lung,  diaphragm,  spleen  and  uterine  tissues.  Specific 
binding  was  not  detected  in  the  cytosols  of  lung,  spleen  or  diaphragm,  while  there  was 
a  considerable  amount  of  specific  binding  in  uterine  cytosol. 

Saturation  analyses  were  performed  on  the  uterine  cytosol  of  ovariectomized,  es- 
trogen-primed euthyroid,  hypothyroid  and  hyperthyroid  rats.  Scatchard  plots  were  ob- 
tained by  EBDA  and  LIGAND  analyses  and  Kd  and  Bmax  values  were  determined.  Table 
1  shows  representative  data  from  these  studies  which  were  repeated  several  times.  Data 
for  each  thyroid  group  in  Table  1  represent  the  mean  ±  standard  error  of  the  mean 
Bmax/mg  protein  value  or  the  mean±s.e.m.  Kd  value  for  the  assay  to  two  cytosolic 
preparations.  Analysis  of  variance  did  not  detect  a  statistically  significant  difference 
between  the  progesterone  receptor  levels  or  the  kinetics  of  dissociation  in  any  of  the 
cytosolic  preparations  for  any  of  the  experiments  conducted. 

In  these  preliminary  experiments,  the  thyroid  status  of  the  rats  did  not  cause  a 
significant  change  in  the  amount  of  uterine  progesterone  receptor  or  the  binding  affinity 
of  the  receptor.  The  ability  of  thyroid  hormone  to  compensate  for  a  deficiency  of 
progesterone  during  the  maintenance  of  blastocysts  apparently  occurs  by  means  of 
another  mechanism.  Other  possibilities  are  currently  being  investigated  in  our  laboratory. 
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ABSTRACT:  Periodical  cicadas  of  the  13-year  Brood  XXIII  emerged  on  schedule  in  southwestern 
Indiana  and  adjacent  areas  of  Illinois  and  Kentucky.  Magicicada  trecassini  Alexander  and  Moore 
seems  to  have  been  the  commonest  species  observed,  but  M.  tredecim  (Walsh  and  Riley)  and  M. 
tredecula  Alexander  and  Moore  were  noted.  The  occurrence  in  most  counties  was  relatively  light 
and  scattered.  Cicadas  or  their  characteristic  flags  or  oviposition  scars  were  observed  in  Daviess, 
Gibson,  Knox,  Posey,  Spencer,  Sullivan,  Vanderburg,  and  Warwick  counties  Indiana  as  reported 
in  1976. 

New  records  are  reported  for  Pike  and  western  Greene  counties  which  were  not  included  in 
Marlatt's  original  list  (1923).  Possible  emergences  occurred  in  Vigo  and  Clay  counties. 

Clear  evidence  of  overlapping  of  broods  or  local  colonies  was  observed  in  Sullivan  County 
(Shakamak  State  Park)  where  oviposition  scars  of  the  1987  and  1989  broods  were  observed  on 
the  same  shrubs  and  trees.  In  general,  however,  the  two  broods  appear  to  interdigitate  rather  than 
overlap. 


Brood  XXIII  of  the  13  year  periodical  cicadas  (Homoptera-Cicadidae)  emerged  as 
predicted  in  late  May  and  early  June  in  the  lower  Wabash  Valley  in  Indiana  and  adjacent 
areas  of  Kentucky  and  Illinois.  Emergence  seemed  to  be  somewhat  lighter  than  the 
major  emergences  in  1987  of  the  17  year  Brood  X.  The  reported  observations  of  adults 
indicate  that  Magicicada  trecassini  Alexander  and  Moore  was  the  primary  species 
involved.  M.  tredecim  (Walsh  and  Riley)  and  M.  tredecula  Alexander  and  Moore 
occurred  in  smaller  numbers.  Oviposition  scars  of  all  three  species  were  sometimes 
found  on  the  same  shrubs  or  trees. 

M.  trecassini  egg  nests  were  collected  from  Posey  County  and  examined  for  hatched 
eggs.  The  counts  revealed  that  758  eggs  out  of  a  total  sample  of  819  eggs  or  92.6%  of 
the  eggs  examined  had  hatched.  This  was  considerably  higher  than  the  hatch  rate  of 
70.8%  found  for  brood  X  which  emerged  in  1987.  The  reasons  for  this  increased  hatch 
rate  are  unknown,  but  it  may  be  possible  that  the  stability  of  brood  XXIIFs  distribution 
over  the  past  century  compared  to  the  reduction  of  brood  X  in  several  counties  is  related 
to  its  higher  hatch  rate  (Kritsky,  1990). 

Emergence  of  one  or  more  of  the  species  occurred  in  the  12  stations  established 
in  1973  and  checked  in  1976  (Young  and  Zimmerman,  1977).  In  addition,  new  records 
of  emergence  were  made  in  Pike  and  western  Greene  counties  of  Indiana,  not  included 
in  Marlatt  (1923).  Emergence  may  have  occurred  in  southern  Clay  County  and  Vigo 
County.  No  observations  were  reported  from  other  counties  listed  by  Marlatt  (1923). 

Clear  evidence  of  emergence  was  found  in  Shakamak  State  Park  in  Sullivan  County. 
Here  in  several  low  areas  oviposition  scars  were  found  on  red  maple  and  other  small 
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trees  or  shrubs.  In  places,  the  scars  of  oviposition  of  Brood  X  which  emerged  in  the 
area  in  1987  were  present  on  the  older  branches  of  the  same  plants  on  which  oviposition 
occurred  in  1989.  This  is  the  first  positive  evidence  of  two  broods  occurring  in  the  same 
area  reported  from  Indiana.  In  general  the  colonies  of  the  different  broods,  if  they  occur 
in  the  same  county  are  separated  and  interdigitated. 

The  counties  in  which  emergence  of  Brood  XXIII  was  observed  or  reported  are 
indicated  on  Map  1.  Counties  in  which  Brood  X  occurred  in  1987  are  indicated  on 
Map  2. 
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/.  Map  on  Indiana  showing  reported  occurrence  of  periodical  cicadas  of  Brood  XXI 1 1  in  1989. 
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2.  Map  of  Indiana  showing  reported  occurrence  of  periodical  cicadas  of  Brood  X  in  1987.  Large  circles 
indicate  heavy  and  widespread  emergence.  Smaller  circles  indicate  light  or  scattered  emergences  (from  Young 
and  Kritsky  1990). 
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ABSTRACT:  Seven  endpoints  from  three  EPA  short-term  chronic  toxicity  tests  were  evaluated 
for  their  abilities  to  predict  impacts  from  various  complex  effluents.  Compared  were  the  subchronic 
fathead  minnow  embryo-larval  survival  and  teratogenicity  test,  fathead  minnow  larval  growth  and 
survival  test,  and  Ceriodaphnia  reproduction  and  survival  tests  for  ten  Standard  Industrial  Clas- 
sification (SIC)  codes  from  75  Region  V  point  source  dischargers.  Statistical  methods  were  used 
to  compare  correlation  coefficients  (r)  for  endpoints  within  and  between  tests,  determine  patterns 
among  process  types,  and  establish  predictions  of  endpoints  suitable  for  each  of  the  major  process 
types.  Separate  sub-chronic  endpoint  measurements  should  be  calculated  in  order  to  determine  the 
greatest  amount  of  information  per  test.  Successful  response  levels  were  highest  for  larval  survival, 
embryo-larval  survival,  and  Ceriodaphnia  reproduction  endpoints,  and  lowest  for  larval  growth. 
Correlation  coefficients  suggest  that  a  high  degree  of  redundancy  exists  among  the  Ceriodaphnia 
survival  and  reproduction  endpoints,  and  to  a  lesser  extent  embryo-larval  hatching  and  survival, 
and  larval  growth  and  Ceriodaphnia  survival.  Differences  in  statistical  significance  of  correlation 
coefficients  between  various  SIC  codes,  suggest  that  endpoint  relationships  are  not  the  same  among 
the  SIC  code  categories. 


INTRODUCTION 

Research  and  development  of  methods  for  quantifying  chronic  toxicity  has  rapidly 
progressed  during  the  1980s.  Previously,  chronic  toxicity  was  measured  using  extensive 
effort  in  performing  full  scale  life-cycle  tests.  The  Environmental  Protection  Agency 
(EPA)  has  developed  short-term  sub-chronic  tests  (USEPA,  1989)  to  replace  the  full- 
scale  methods.  Test  methodology  utilizes  fathead  minnow  larvae  in  a  growth  and  survival 
test  (Norberg  and  Mount,  1983),  and  embryos  in  a  survival  and  teratogenicity  test  (Birge 
et  al.,  1985).  Ceriodaphnia  dubia  neonates  are  tested  to  evaluate  trends  in  survival  and 
reproduction  including  the  number  of  broods  and  young  (Mount  and  Norberg,  1984). 
The  simplification  of  the  subchronic  tests  and  the  reduction  in  time  has  greatly  increased 
the  utility  of  the  methods  by  concentrating  on  the  most  sensitive  life  stage  during  the 
species  early  life  history.  The  proliferation  of  laboratories  conducting  toxicity  tests  has 
been  a  direct  result  of  EPA's  inclusion  of  these  tests  as  biological  monitoring  require- 
ments in  industrial  and  municipal  permits. 

The  need  for  a  rapid  screening  procedure  for  increasing  a  laboratories  ability  to 
process  samples  has  produced  the  current  battery  of  tests  for  water  quality  management 
decisions.  The  ability  to  a  priori  evaluate  whether  a  particular  test  might  provide  a 
result  for  a  discharger's  effluent  would  be  a  valuable  management  tool.  Determination 
of  data  redundancy,  endpoint  overlap,  and  sensitivity  of  tests  reduce  the  work  load  to 
a  level  where  more  tests  could  be  conducted. 
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Table  1 .  Standard  Industrial  Classification  (SIC)  codes  for  ten  Region  V  industrial  and 
municipal  process  types  (USEPA  1984). 

Code  Process  Type  Acronym 


1000 

Ore  Mining  Dressing 

ORM 

2400 

Timber  Product  Processing 

TPP 

2600 

Pulp  and  Paperboard  Mills  and  Converted 
Paper  Products 

PPMCPP 

2700 

Paint  and  Ink  Formulating  and  Printing 

PIFP 

2800 

Inorganic  Chemical  Manufacturing 

ICM 

3000 

Rubber  Processing 

RP 

3300 

Iron  and  Steel  Manufacturing 

ISM 

3400 

Home  Machinery  and  Mechanical  Product 
Manufacturing 

HMMPM 

3700 

Automotive  Parts  and  Accessories 

APA 

4900 

Sewerage  Systems 

SS 

The  current  study  evaluates  test  results  from  75  Region  V  point  source  dischargers 
distributed  over  10  Standard  Industrial  Classification  (SIC)  codes.  The  objectives  were 
to  evaluate  each  of  the  seven  sub-chronic  test  endpoints,  based  on  each  SIC  code,  to 
determine  the  degree  of  redundant  data;  the  patterns  among  SIC  code  categories;  and 
the  a  priori  predictability  of  results  based  on  SIC  code  for  the  chronic  toxicity  discharger 
data  set.  Although  the  data  set  presented  is  a  preliminary  evaluation  of  trends,  it  is 
representative  of  Region  V  and  includes  all  comparative  testing  completed  by  the  USEPA 
Region  V,  Central  Regional  Laboratory.  Information  presented  is  a  preliminary  account, 
additional  research  is  warranted  to  develop  trends  for  each  of  the  specific  SIC  codes. 

METHODS  AND  MATERIALS 

The  EPA  categorized  dischargers  into  a  series  of  process  types  to  aid  in  information 
retrieval  for  the  evaluation  of  point  source  discharger  compliance  through  the  National 
Pollutant  Discharge  Elimination  System  (NPDES)  permit  program  (USEPA,  1984).  Ten 
process  types  were  evaluated  for  the  current  study  and  included  a  finer  breakdown  within 
certain  process  types  to  determine  facility  patterns  (Table  1).  Acronyms  were  developed 
for  each  of  the  ten  process  types  to  maintain  brevity,  the  SIC  code  will  follow  the 
acronym  for  convenience  in  parentheses. 

Chronic  toxicity  was  quantified  from  75  industrial  and  municipal  facilities  in  Region 
V,  and  included  five  Canadian  effluents  which  discharge  into  the  Great  Lakes.  Samples 
were  composited  over  a  24  hr  period  or  were  collected  as  grab  samples.  In  each  case 
the  tests  were  conducted  using  the  same  methodology.  Samples  were  either  mailed  or 
hand  delivered  to  the  Central  Regional  Laboratory,  Chicago  by  field  personnel  in  order 
for  tests  to  be  initiated  within  36  hr  after  sample  collection.  Timing  of  the  sample  began 
at  the  end  of  sample  collection.  Field  water  collection  methods  and  laboratory  test 
procedures  are  based  on  the  established  national  EPA  method  protocols  (USEPA,  1985). 

Testing  conducted  included  the  fathead  minnow  embryo-larval  survival  and  tera- 
togenicity test,  larval  survival  and  growth  test,  and  Ceriodaphnia  survival  and  repro- 
duction test  (Table  2).  Data  results  for  each  of  the  seven  endpoints  were  weighted 
according  to  test  results  for  the  embryo-larval  survival  and  teratogenicity  endpoints  (e.g. 
if  90  eggs  hatched  in  the  embryo-larval  test,  with  75  larvae  surviving  until  the  conclusion 
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Table  2.  Sub-chronic  toxicity  tests,  endpoints,  test  duration  and  test  organisms 
conducted  by  the  US  Environmental  Protection  Agency,  Region  V. 

Chronic  Test 

Test  Endpoint  Duration  Organism 

Pimephales  promelas 


Pimephales  promelas 
Ceriodaphnia  dubia 


Embryo-Larval 

Hatching 

Teratogenicity 

Survival 

8  days 

Larval  Growth 

Survival 
Growth 

7  days 

Ceriodaphnia 

Survival 

7  days 

Reproduction 

Reproduction 

and  Survival 

of  the  test,  the  final  survival  of  fathead  minnow  larvae  would  be  scored  as  83.3%  rather 
than  75%).  If  greater  than  20%  mortality  affected  the  upper  dilutions,  no  attempt  was 
made  to  calculate  endpoints  for  Ceriodaphnia  reproduction  or  larval  growth  endpoints 
in  100%  effluent. 

Several  departures  from  data  interpretation  protocol  were  made  from  the  EPA 
chronic  manual  in  order  to  further  evaluate  effects  from  the  effluent.  Teratogenic  larvae 
were  not  considered  dead  unless  they  expired  either  during  or  at  the  conclusion  of  the 
test.  Teratogenicity  was  a  separate  endpoint  based  on  gross  signs  of  external  deformation 
or  erratic  behavior.  Gross  signs  of  external  deformation  included  edematous  yolk  sacs, 
cranial  or  caudal  swellings,  tumors,  deformed  eyes  or  mandible,  lack  of  blood  pigment, 
non-fusiform  shape,  kyphosis,  lordoscoliosis,  rigid  coiling  of  the  vertebral  column, 
scioliosis,  and  cephalic  or  symmetric  twinning.  Aberrant  behavior  observations  include 
reduced  heart  beat,  inability  to  swim,  inability  to  feed,  and  whirling  (Simon,  1988). 

Correlation  analysis  was  used  to  evaluate  similarity  among  the  endpoints.  Corre- 
lation is  a  measure  of  the  degree  that  variables  vary  together  or  a  measure  of  the  strength 
of  associations.  All  statistical  analyses  were  computed  using  the  Statistical  Analysis 
System  (SAS)  software  package  (Blalock,  1972;  SAS,  1982,  1985;  Steel  and  Torrie, 
1960). 

Outliers,  which  may  impact  correlation  results,  were  not  addressed  in  the  current 
study  since  standard  toxicants  and  within  concentration  consistency  provided  quality 
assured  results  and  were  shown  to  be  accurate.  The  data  set  compared,  although  small, 
is  the  largest  comparative  national  data  set  for  the  three  tests  using  common  test  solutions. 
Descriptive  statistics  are  provided  for  each  endpoint  in  order  to  evaluate  the  magnitude 
and  degree  of  toxicity  exhibited  for  the  75  effluents  from  the  current  study  (Table  3). 

RESULTS  AND  DISCUSSION 

Correlation  Analysis 

Correlation  analysis  for  all  SIC  codes  categories  (between  code  comparison)  in- 
dicated that  a  high  degree  of  correlation  existed  only  for  the  Ceriodaphnia  survival  and 
reproduction  endpoints  (r  =  0.96223).  Possible  strong  correlations  may  also  be  apparent 
for  embryo-larval  hatch  and  survival  endpoints  (r  =  0.85045).  Between  SIC  code 
comparisons  for  all  of  the  data  indicated  that  no  further  endpoints  were  significantly 
correlated  (Table  4). 
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Table  3.  Actual  toxicity  observed  in  a  cumulative  data  set  acquired  from  75  point 
source  dischargers  in  Region  V.  Mean  toxicity,  standard  deviation,  t- value  and 
statistical  significance  for  seven  sub-chronic  endpoints  used  by  the  U.S. 
Environmental  Protection  Agency  Region  V,  for  evaluating  chronic  toxicity  of 
complex  effluents.  N  equals  the  number  of  tests  conducted. 


Endpoint 

N 

Mean 

Standard  Deviation 

T-statistic 

Embryo-Larval 

Hatching 

67 

76.41 

36.79 

5.29- 

Embryo-Larval 

Teratogenicity 

67 

76.41 

39.80 

5.26J 

Embryo-Larval 

Survival 

67 

71.13 

35.43 

6.67- 

Larval  Survival 

24 

59.99 

38.72 

5.06J 

Larval  Growth 

24 

91.78 

27.28 

1.48 

Ceriodaphnia 

Survival 

45 

71.01 

38.29 

5.08- 

Ceriodaphnia 

Reproduction 

42 

64.44 

39.26 

5.87" 

Statistical  significance  at  a  probability  level  of  <  0.01. 


Table  4.  Correlation  coefficients  for  a  cumulative  data  set  of  ten  Standard  Industrial 
Classification  (SIC)  codes. 
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0.85045* 

0.39965 

— 

4 

0.61116 

0.49717 

0.26403 



5 

0.43229 

-0.27569 

0.34139 

0.28480 

— 

6 

0.08403 

0.11835 

0.14110 

0.65318 

0.74152* 

— 

7 

0.04509 

0.03764 

0.09358 

0.43691 

0.50484 

0.96223* 

— 

'Statistically  significant  at  p  ^  0.05. 
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Table  5.  Correlation  coefficients  for  Standard  Industrial  Classification  (SIC)  codes  from 
the  U.S.  Environmental  Protection  Agency,  Region  V.  a).  2600,  b).  2800,  c).  3300, 
and  d).  4900. 
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1 .00000 

0.10825 
0.13501 


0.17597 
0.33333 

0.02684 
0.07243 


0.54098 
0.56799 


0.42379 


0.99514 


A.  Pulp  and  Paperboard  Mills  and  Converted  Paper  Products  (PPMCPP) 


0.53936 

— 

0.93254 

0.52387 

— 

0.82535 

-0.44424 

-0.27657 

— 

0.57735 

-0.92325 

0.63166 

0.43541 

— 

0.63143 

0.18103 

0.63387 

0.77393 

0.76608 

0.22843 

-0.03116 

0.37072 

0.45693 

0.59493 

0.21686  — 


B.  Inorganic  Chemical  Manufacturing  (ICM) 


0.18111 
0.25304 


0.26055 
0.21954 


0.78097 


0.20000 
0.25790 


0.89507 


C.Iron  and  Steel  Manufacturing  (ISM) 


0.48084 

— 

0.73764 

0.61143 

— 

0.71004 

0.80513 

0.52040 

— 

0.40499 

-0.29277 

0.08462 

0.07718 

— 

0.47164 

0.70919 

0.73802 

0.68058 

0.71963 

0.56344 

0.22832 

0.04804 

0.40203 

0.50445 

0.57964 


D.  Sewerage  System  (SS) 


34 


Environmental  Quality:  Simon,  Lubin,  Le  Curieux  Vol.  99  (1990) 


Table  6.  Patterns  of  positive  responses  (percent  expression  of  toxicity  from  total)  for 
seven  subchronic  toxicity  endpoints  for  ten  Standard  Industrial  Classification  (SIC)  code 
categories  within  U.S.  Environmental  Protection  Agency,  Region  V. 


Embryo-Larval 

Larval-Growth 

Ceriodaphnia 

SIC 

% 

% 

% 

% 

% 

% 

% 

Code 

N 

Hatch 

Terata 

Survival 

N 

Survival 

Growth 

N 

Survival 

Reproduction 

1000 

1 

0 

0 

0 

0 

— 

— 

1 

100.0 

100.0 

2400 

1 

100.0 

0 

100.0 

1 

100.0 

100.0 

1 

0 

100.0 

2600 

9 

66.7 

44.4 

44.4 

5 

20.0 

0 

8 

0 

50.0 

2700 

0 

— 

— 

— 

1 

0 

0 

1 

0 

0 

2800 

10 

50.0 

70.0 

100.0 

5 

80.0 

0 

9 

66.7 

40.0 

3000 

1 

0 

0 

100.0 

1 

100.0 

0 

1 

100.0 

100.0 

3300 

23 

21.7 

13.0 

30.4 

2 

50.0 

0 

6 

16.7 

33.3 

3400 

1 

0 

100.0 

100.0 

0 

— 

— 

0 

— 

— 

3700 

1 

100.0 

100.0 

100.0 

0 

— 

— 

2 

100.0 

100.0 

4900 

20 

27.8 

40.0 

50.0 

9 

75.0 

11.1 

16 

56.3 

58.3 

TOTAL 

67 

35.8 

35.8 

52.2 

24 

60.9 

12.5 

45 

44.4 

52.4 

Total  number  of  endpoints  were  based  on  42  tests. 


When  evaluating  patterns  within  SIC  codes  (Table  5),  a  high  degree  of  correlation 
for  embryo-larval  hatching  and  larval  survival  for  PPMCPP  (r  =  1.000),  ICM  (r  = 
0.82535),  and  SS  (r  =  0.71004).  Ceriodaphnia  reproduction  and  survival  endpoints 
were  highly  correlated  for  PPMCPP,  SIC  codes  2600  (r  =  0.99514),  and  ISM,  SIC 
3300  (r  =  0.89507),  but  not  for  ICM,  SIC  codes  2800  (r  =  0.21686)  or  SS,  SIC  code 
4900  (r  =  0.57964).  Embryo-larval  hatching  and  survival  were  highly  correlated  for 
ICM,  SIC  codes  2800  (r  =  0.93254)  and'SS,  code  4900  (r  =  0.73764)  but  not  for 
PPMCPP,  SIC  codes  2600  (r  =  0.39970)  or  ISM,  SIC  codes  3300  (r  =  0.25304). 
Embryo-larval  hatching  was  also  correlated  with  larval  survival  for  PPMCPP  (r  = 
1.000),  ICM  (r  =  0.82535),  and  SS  (r  =  0.71004). 

Fathead  minnow  embryo-larval  survival  and  larval  survival  endpoints  were  not 
highly  correlated  for  any  category  comparison.  The  highest  degree  of  correlation  was 
for  sewerage  systems  SIC  code  4900  (r  =  0.52040).  This  is  not  surprising  since  the 
larval  stage  of  the  fish  being  compared,  Pimephales  promelas  in  the  embryo-larval  and 
larval  growth  tests  is  a  4  and  7  day  posthatch  larva,  respectively.  The  4  day  posthatching 
larva  possesses  a  yolksac  and  is  not  actively  feeding,  instead  subsisting  on  endogenous 
yolk  platelets,  while  the  later  has  absorbed  its  yolk  and  is  subsisting  on  exogenous  food 
sources.  Larval  growth  and  Ceriodaphnia  survival  were  correlated  for  ICM,  SIC  codes 
2800  (r  =  0.76608)  and  SS,  SIC  code  4900  (r  =  0.71963).  The  degree  of  consistency 
was  in  response  to  the  tendency  towards  no  observed  response  for  either  of  these  test 
endpoints.  Based  on  the  differences  between  SIC  code  categories  observed  in  the  cor- 
relation analysis,  none  of  the  seven  endpoints  should  be  combined  as  is  recommended 
in  the  national  guidance. 


Patterns  in  Toxicity  Response 

The  patterns  of  toxicity  expressed  by  dischargers  within  each  of  the  10  SIC  code 
categories  were  evaluated  by  looking  at  the  frequency  of  positive  response  for  each  of 
the  endpoints  (Table  6).  A  positive  response  was  defined  as  any  chronic  toxicity  value 
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which  could  be  calculated.  The  chronic  value  is  based  on  the  geometric  mean  of  the 
no  observed  effect  concentration  (NOEC)  and  lowest  observed  effect  concentration 
(LOEC). 

Test  endpoints  exhibiting  the  greatest  sensitivity  included  the  larval  survival,  em- 
bryo-larval survival,  and  Ceriodaphnia  reproduction.  Larval  survival  had  the  highest 
response  frequency  exhibiting  an  effect  in  60.9%  of  the  tests  conducted.  Ceriodaphnia 
reproduction  and  embryo-larval  survival  responded  in  approximately  half  of  the  expo- 
sures, and  embryo-larval  hatching,  embryo-larval  teratogenicity,  and  Ceriodaphnia  sur- 
vival responded  in  a  third  of  the  tests  conducted.  The  larval  growth  endpoint  was  the 
least  responsive  with  an  observed  effect  in  only  12.5%  of  the  exposures.  Test  responses 
were  statistically  significant  (t-test;  p  ^  0.01),  for  all  endpoints  except  for  the  larval 
growth  endpoint  (Table  3).  This  suggests  that  certain  endpoints  may  be  better  evaluators 
of  specific  industrial  and  municipal  effluents.  Reduction  in  the  number  of  tests  per 
effluent  would  enable  more  effluents  to  be  tested. 

Within  SIC  code  comparisons,  the  embryo-larval  survival  endpoint  was  responsive 
all  of  the  time  for  process  type  TPP  (SIC  code  2400),  ICM  (2800),  RP  (3000),  HMMPM 
(3400),  and  APA  (3700).  The  endpoint  was  responsive  half  of  the  time  for  process 
types  PPMCPP  (2600)  and  SS  (4900)  and  a  third  of  the  time  for  exposures  in  category 
ISM  (3300).  The  larval  survival  endpoint  was  responsive  all  of  the  time  for  process 
types  TPP  (2400)  and  RP  (3000),  and  in  at  least  75%  of  the  exposures  from  process 
types  ICM  (2800),  RP  (3000),  and  SS  (4900). 

Comparisons  between  embryo-larval  and  larval  survival  of  P.  promelas  indicates 
very  little  correlation  exists.  In  cases  where  both  tests  were  conducted  on  the  same 
effluent,  similar  results  were  observed  for  TPP  (2400)  and  RP  (3000).  Embryo-larval 
survival  endpoint  performed  best  (t-test;  p  >  0.05),  e.g.  was  more  sensitive,  than  larval 
survival  in  process  types  PPMCPP  (2600)  and  ICM  (2800).  The  inverse  was  true  for 
only  process  type  SS  (code  4900). 

Due  to  the  low  number  of  tests  conducted  in  most  test  categories,  data  may  be 
applicable  only  for  SIC  code  categories  PPMCPP  (2600),  ICM  (2800),  ISM  (3300), 
and  SS  (4900).  Further  data  interpretation  may  be  necessary  for  the  additional  categories. 

Predictability 

Even  though  the  current  data  base  includes  major  point  source  dischargers  repre- 
sentative for  Region  V,  the  predictability  of  endpoint  outcomes  from  toxicity  tests  will 
be  difficult  for  the  majority  of  SIC  codes.  The  patterns  observed  from  the  frequency 
distribution  and  correlation  analysis  supports  that  the  embryo-larval  survival  and  tera- 
togenicity test  should  be  conducted  with  effluents  from  process  types  PPMCPP  (2600), 
ICM  (2800)  and  SS  (4900).  The  larval  survival  and  growth  test  should  be  conducted 
on  process  types  TPP  (2400),  ICM  (2800),  RP  (3000),  ISM  (3300)  and  SS  (4900).  The 
Ceriodaphnia  survival  and  reproduction  test  provides  the  most  sensitive  endpoint  re- 
sponse for  the  majority  of  process  types  including  ORM  (1000),  TPP  (2400),  PPMCPP 
(2600),  ICM  (2800),  RP  (3000),  APA  (3700),  and  SS  (4900)(Table  6). 

Statistical  significance  (t-test;  p  ^  0.01 ),  was  observed  for  six  of  the  seven  endpoints 
when  the  cumulative  data  set  was  studied  (Table  3).  The  exception  was  the  larval  growth 
endpoint  which  was  not  statistically  significant  (a  >  0.05). 

Due  to  the  lack  of  observations  for  some  SIC  code  categories,  further  statistical 
analysis  was  possible  only  for  SIC  codes  process  types  PPMCPP  (2600),  ICM  (2800), 
ISM  (3300),  and  SS  (4900)(Table  7).  Only  the  embryo-larval  hatching  endpoint  was 
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Table  7.  T-values  for  four  Standard  Industrial  Classification  (SIC)  code  categories  for 
determining  statistical  significance  of  actual  chronic  toxicity  response. 

SIC  Code  Categories 
Endpoints  2600  2800  3300  4900 

Embryo-Larval 

Hatch 

Embryo-Larval 

Teratogenicity 

Embryo-Larval 

Survival 

Larval  Survival 

Larval  Growth 
Ceriodaphnia 

Ceriodaphnia 
Reproduction 

u  Statistically  significant  at  p  <  0.05; 
b  Statistically  significant  at  p  <  0.01. 

statistically  significant  (t-test;  p  ^  0.05)  across  the  four  SIC  code  categories.  The  larval 
survival  endpoint,  although  statistically  significant  in  the  cumulative  data  set,  was  not 
significant  (t-test;  p  >  0.05)  for  SIC  code  categories  ICM  (2800)  and  ISM  (3300).  The 
greatest  amount  of  statistical  significance  was  observed  in  SIC  code  categories  ICM 
(2800)  and  SS  (4900),  with  only  the  larval  growth  endpoint  being  non-significant.  Within 
SIC  code  category  2600,  four  of  the  seven  endpoints  were  not  statistically  significant 
(t-test;  p  <  0.05)  including  embryo-larval  and  larval  survival,  larval  growth,  and  Cer- 
iodaphnia survival.  The  least  amount  of  statistical  significance  was  observed  in  process 
type  ISM  (3300)  where  five  of  the  seven  endpoints  were  below  the  p  <  0.05  level.  The 
larval  growth  endpoint  was  not  statistically  significant  for  any  of  the  four  SIC  code 
categories.  Based  on  the  correlation  analysis  and  t-test  comparisons,  the  utility  of  a 
multiple,  non-redundant  set  of  endpoints  for  the  subchronic  toxicity  testing  being  con- 
ducted by  EPA  is  supported. 

The  current  study  was  the  first  attempt  to  correlate  test  response  with  industrial 
and  municipal  process  types.  No  other  critical  analysis  of  the  subchronic  toxicity  test 
battery  has  been  attempted  and  include  the  tests  in  the  current  study.  Further  comparative 
testing  within  other  media,  e.g.  leachate,  groundwater,  and  ambient  toxicity  samples 
including  water  and  sediment,  should  likewise  be  critically  reviewed  in  order  to  evaluate 
response  patterns. 
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ABSTRACT:  The  axial  trend  of  belt  sand  bodies  in  the  Hardinsburg  Formation  in  Indiana  shows 
striking  similarities  to  the  axial  trends  of  belt  sand  bodies  in  earlier  Chesterian  formations  of  the 
West  Baden  Group  and  in  the  overlying  Tar  Springs  and  Waltersburg  Formations.  Droste  and 
Horowitz  (1990)  postulated  that  the  belt  sand  bodies  of  the  Hardinsburg  Formation  in  Indiana 
resulted  from  focussed  current  action  on  quartz  sands  funnelled  along  sea  floor  lows.  The  sea  floor 
lows  marked  locations  where  local  increased  rates  of  subsidence  were  produced  by  subtle  adjust- 
ments in  basement  structures.  We  infer  that  all  the  belt  sands  in  the  Indiana  Chesterian  resulted 
from  deposition  controlled  by  the  same  factors  and  that  their  trends  mark  locations  of  changing 
loci  of  minor  basement  structural  adjustments  These  trends  are  generally  parallel  to  the  tectonic 
movements  that  produced  the  structures  associated  with  the  LaSalle  Anticlinal  Belt  and  Wabash 
Valley  Fault  System. 


INTRODUCTION 

In  this  review,  our  principal  purpose  is  to  illustrate  that  the  axial  trend  of  belt  sand 
bodies  in  the  Hardinsburg  Formation  in  Indiana  shows  striking  similarities  to  the  axial 
trends  of  several  other  belt  sand  bodies  in  other  Chesterian  formations  in  Indiana.  Potter 
(1962,  1963)  has  published  a  classification  of  elongate  sand  bodies,  and  we  use  herein 
his  characterization  of  belt  sand  bodies. 

CHESTERIAN  BELT  SANDSTONES 

Major  belt  sand  bodies  in  the  subsurface  of  Indiana  occur  in  the  West  Baden  Group, 
the  Stephensport  Group,  and  in  the  lower  part  of  the  Buffalo  Wallow  Group  (Figure 
1).  Because  erosion  in  Indiana  associated  with  the  formation  of  the  Mississippian  un- 
conformity has  greatly  reduced  the  geographic  occurrence  of  Buffalo  Wallow  rocks 
above  the  Menard  Limestone  (Figure  1),  the  distribution  of  sandstones  in  the  formations 
of  the  middle  and  upper  parts  of  the  Buffalo  Wallow  Group  are  not  included  in  this 
study.  Table  1  compares  the  major  belt  sand  bodies  in  the  Chesterian  of  Indiana. 

West  Baden  Group 

The  belt  sands  in  the  West  Baden  Group  (Figure  2)  lie  in  the  rocks  called  the  West 
Baden  Clastic  Belt  by  Sullivan  (1972).  In  many  locales  in  the  West  Baden  Clastic  Belt, 
all  or  almost  all  of  the  West  Baden  interval  is  belt  sandstone.  The  West  Baden  belt 
sands  extend  northeastward  from  Vanderburgh  County  to  Pike  County,  where  they 
continue  in  two  diverging  orientations  (Figure  2).  One  trend  extends  northwestward 
from  Pike  County  into  Sullivan  County.  The  other  trend  extends  from  Pike  County 
northeastward  into  Owen  County  (Figure  2).  The  net  sandstone  thickness  is  greatest  in 
the  south.  For  example,  in  Vanderburgh  County  sandstone  thickness  is  greater  than  200 
feet.  In  the  two  branches  of  the  West  Baden  Clastic  Belt  northeast  and  northwest  of 
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FIGURE  I .  Chart  showing  stratigraphic  nomenclature  used  in  this  report. 


TABLE  1.  Comparison  of  Chesterian  Sand  Belts. 


Length 

Width 

Thickness 

(in  Indiana) 

Waltersburg 

60  miles 

2-5  miles 

50-100  feet 

Formation 

100  km 

3-8  km 

15-30  m 

Tar  Springs 

60  miles 

3-6  miles 

100-125 

Formation 

100  km 

5-9  km 

30-40  m 

Hardinsburg 

90  miles 

2-9  miles 

100-150  feet 

Formation 

145  km 

3-14  km 

30-45  m 

West  Baden 

120  miles 

3-10  miles 

100-200  feet 

Group 

190  km 

5-16  km 

30-60  m 

Pike  County  (Figure  2),  net  sandstone  thickness  exceeds  100  feet.  The  width  of  belt 
sand  in  the  West  Baden  is  typically  8  to  10  miles  in  the  southern  area  and  is  3  to  5 
miles  in  the  northwestern  and  northeastern  loci.  Detailed  information  concerning  sand- 
stone distribution  in  the  West  Baden  Group  is  contained  in  Sullivan  (1972).  In  the  West 
Baden  rocks  in  Kentucky,  Reynolds  and  Vincent  (1972)  have  described  a  remarkable 
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EXPLANATION 


FIGURE  2.  Map  showing  the  axial  trend  of  major  belt  sand  bodies  in  the  subsurface  of  Indiana. 


body  of  belt  sand,  which  is  oriented  east-west  paralleling  the  structures  of  the  Rough 
Creek  Lineament. 


Hardinsburg  Formation 

The  trend  of  belt  sand  in  the  Hardinsburg  Formation  lies  west  of  the  trend  of  belt 
sand  in  the  West  Baden  Group  (Figure  2).  The  belt  sand  in  the  Hardinsburg  of  Indiana 
locally  is  more  than  150  feet  thick,  and  the  zone  of  net  sandstone  thickness  exceeding 
100  feet  is  typically  2  to  5  miles  wide  (Droste  and  Horowitz,  in  press).  This  zone  of 
belt  sand  extends  southward  into  westernmost  Kentucky.  Another  trend  of  belt  sand  in 
the  Hardinsburg  has  been  mapped  in  central  southeastern  Illinois  (Potter,  1963,  plate 
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IG).  The  major  trend  of  Hardinsburg  belt  sand  in  Indiana  closely  parallels,  but  does  not 
directly  overlie,  the  structures  of  the  Wabash  Valley  Fault  System. 

Tar  Springs  Formation 

The  trend  of  the  major  belt  sand  in  the  Tar  Springs  Formation  of  Indiana  approx- 
imately parallels  and  is  a  few  miles  west  of  the  trend  of  Hardinsburg  belt  sand  (Figure 
2).  The  net  maximum  thickness  of  sandstone  in  this  belt  is  more  than  125  feet  in  several 
places,  and  the  zone  of  net  sandstone  thickness  exceeding  100  feet  is  typically  3  to  6 
miles  wide  (Droste  and  Keller,  in  press).  The  orientation  of  the  major  belt  sand  trend 
in  the  Tar  Springs  generally  parallels  and  lies  partly  within  the  structural  trend  of  the 
present  Wabash  Valley  Fault  System. 

Waltersburg  Formation 

The  axial  trend  of  major  belt  sand  bodies  in  the  Waltersburg  Formation  crosses 
the  trends  of  the  belt  sands  in  the  Hardinsburg  and  Tar  Springs  (Figure  2),  but  belt 
sands  of  the  Waltersburg  are  not  as  well  developed  throughout  the  entire  trend  as  in 
older  formations  (Droste  and  Keller,  in  press).  We  classify  the  elongate  sand  bodies  in 
the  Walterburg  in  Indiana  as  belt  sands,  because  net  sandstone  thickness  exceeds  100 
feet  in  several  areas  along  the  trend  and  net  sandstone  thickness  exceeds  50  feet  in 
widths  as  much  as  5  miles  throughout  most  of  the  axial  trend  (Figure  2).  Shorter, 
narrower  elongate  sand  bodies,  called  dendroids  by  Potter  (1962,  1963),  have  been 
identified  in  other  areas  of  Indiana  beyond  the  limit  of  the  Waltersburg  belt  sand  zone. 
A  more  detailed  treatment  of  sandstone  in  the  Waltersburg  is  contained  in  Droste  and 
Keller  (in  press).  The  orientation  of  the  Waltersburg  belt  sand  trend  in  Indiana  more 
closely  resembles  belt  sand  trends  mapped  by  Potter  (1962)  for  the  Waltersburg,  Pal- 
estine, and  Degonia  rocks  in  Illinois  than  the  orientations  of  belt  sand  trends  of  older 
Chesterian  rocks  in  Indiana.  This  change  in  orientation  suggests  that  some  regional 
tectonic  adjustment  occurred  between  deposition  of  the  Tar  Springs  and  the  Waltersburg 
belt  sands. 

DISCUSSION 

More  than  two  decades  ago  Swann  (1964)  suggested  that  rhythmic  variations  in 
rainfall  were  a  major  factor  controlling  low-latitude  cyclical  Chesterian  sedimentation. 
A  shift  to  wetter  climate  with  increased  rainfall  resulted  in  a  major  increase  in  terrigenous 
sand  and  mud  delivered  to  the  basin.  Consequently,  siliciclastic  deposition  overwhelmed 
(smothered)  low-latitude  carbonate  sedimentation.  During  times  of  reduced  rainfall  and 
reduced  terrigenous  input,  the  water  in  basin  loci  of  deposition  was  less  turbid,  and 
carbonate  sedimentation  prevailed.  Algeo  and  Wilkinson  (1988)  analysed  Carboniferous 
sedimentary  cycles  and  suggested  that  these  cycles  are  consistent  with,  but  not  proof 
of,  Milankovitch  orbital  modulations.  Droste  and  Horowitz  (in  press)  suggested  that 
climatic  variation,  having  periodicty  of  hundreds-of-thousands  of  years,  generally  was 
compatible  with  the  periodicity  of  cyclical  alternations  of  siliciclastic  and  carbonate 
depositional  intervals  recorded  by  Chesterian  rocks  in  the  Illinois  Basin.  Long-range 
Milankovitch  orbital  modulation  as  a  control  on  climatic  variation  during  Chesterian 
time  is  suggestive,  but  remains  speculative. 

Base  level  of  deposition  may  also  have  been  influenced  by  changes  in  global  mean 
sea  level  in  response  to  Carboniferous  glaciations.  Dating  of  Gondwana  glaciations  has 
improved  markedly  in  recent  decades  and  late  Mississippian  (late  Visean-early  Namu- 
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rian)  glaciation  is  known  from  South  America  and  Australia  (Veevers  and  Powell,  1987). 
However,  the  resolution  of  glaciations  into  corresponding  sedimentary  cycles  or  trans- 
gressive-regressive  packages  is  only  beginning.  Inferred  sea  level  curves  (transgressive- 
regressive  cycles)  illustrated  in  Veevers  and  Powell  (1987)  bear  little  resemblance  either 
in  time  or  in  number  to  the  sedimentary  cycles  in  the  Chesterian  of  the  Illinois  Basin. 
Interestingly,  Spencer  and  Demicco  (1989)  have  modeled  carbonate  deposition  on  plat- 
forms which,  given  sufficient  time,  can  generate  cycles  although  sea  level  fluctuates 
only  a  few  centimeters.  Consequently,  these  authors  note  that  comparable  sea  level 
changes  resulting  from  subsidence  (by  any  cause,  for  example,  regional  isostatic  ad- 
justments or  adjustments  resulting  from  sediment  loading  or  compaction)  could  produce 
similar  cyclic  patterns. 

Regional  tectonic  activity  within  the  craton  must  have  initiated  basinal  subsidence 
in  order  to  provide  room  for  the  accumulation  of  Chesterian  sediment.  Intracratonic 
structrual  adjustments  resulting  from  tectonism  at  the  edges  of  colliding  plates  probably 
elevated  the  source  lands  that  provided  sediment  for  the  terrigenous  components  of 
Chesterian  rocks.  Transmission  of  forces,  from  cratonic  edges  to  hundreds  of  kilometers 
within  the  North  American  craton,  is  well  documented  (Craddock  and  van  der  Pluijm, 
1987)  although  poorly  constrained  chronologically  within  the  late  Paleozoic.  The  ap- 
plication of  paleostress  stratigraphy,  discussed  by  Kleinspehn,  Pershing  and  Teyssier 
(1989),  would  have  similar  problems  with  chronologic  constraints  if  this  methodology 
could  be  applied  to  the  cratonic  sediments  of  the  Illinois  Basin.  The  late  Cenozoic 
collision  of  the  Indian  and  Asian  plates  has  produced  large-scale  structures  in  central 
Asia  hundreds  of  kilometers  from  the  junction  of  the  two  plates  (Tapponier  and  Molnar, 
1979).  Basement  rock  adjustments,  resulting  from  plate  interactions,  probably  provided 
the  impetus  for  most  of  the  known  linear  structural  and  depositional  features  observed 
in  the  Paleozoic  rocks  of  the  Illinois  Basin. 

Interpretations  of  tectonic  subsidence  curves  for  the  Illinois  Basin  (Heidlauf,  Hsui 
and  Klein,  1986;  Klein  and  Hsui,  1987;  Treworgy,  Sargent  and  Kolata,  1989)  are  just 
now  appearing,  and  the  full  array  of  factors  influencing  the  Chesterian  Series  (Figure 
1)  is  yet  to  be  synthesized.  In  general,  published  tectonic  subsidence  curves  are  inter- 
preted as  representing  the  rise  and  fall  (expansion  and  contraction  of  the  deep-seated 
rock  column)  of  the  Illinois  Basin  above  thermal  sources  in  the  earth's  mantle.  These 
thermal  sources  may  result  from  stretching  of  the  crust,  the  insulation  effect  of  thick 
crust  overlying  hotter  mantle,  or  thermal  boundary  effects  between  the  crust  and  the 
mantle.  Volcanic  evidence  exists  for  only  a  single  post-Mississippian  Permian  event  in 
the  Illinois  Basin.  A  proposed  Mississippian  thermal  event  is  based  on  an  analysis  of 
the  subsidence  record  of  Mississippian  and  Pennsylvanian  sediments  in  the  Illinois  Basin. 
Mantle  plumes  are  a  possible  source  of  heat,  but  Quinlan  and  Beaumont  (1984)  have 
cautioned  that  the  "pattern  of  arching.... would  obviously  require  a  complex  pattern  of 
plate  motions  with  respect  to  the  plumes..."  A  comprehensive  model  for  the  origin  of 
intracratonic  basins  remains  an  unsolved  problem  in  geology. 

Droste  and  Horowitz  (in  press)  inferred  from  thickness  and  preservation  that  belt 
sandstones  of  the  Hardinsburg  Formation  of  Indiana  formed  by  a  concentration  of  quartz 
sand  in  low  areas  on  the  sea  floor.  During  Hardinsburg  time,  the  input  of  terrigenous 
elastics  resulted  principally  from  a  postulated  change  to  wetter  climate  and  more  rainfall 
in  source  areas  surrounding  the  basin.  Detrital  quartz  sands  were  funneled  along  sea 
floor  "lows"  where  focused  current  activity  produced  much  reworking.  The  lows  formed 
in  local  areas  where  increased  subsidence  was  controlled  by  minor  tectonic  adjustments 
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in  buried  basement  structures.  These  subtle  tectonic  movements  were  thought  to  be 
consistent  with  tectonic  adjustments  along  the  Wabash  Valley  Fault  System  (Indiana), 
the  LaSalle  Anticlinal  Belt  (Illinois),  and  the  Rough  Creek  Lineament  (Kentucky).  Note 
that  the  scale  of  vertical  movement  necessary  to  accommodate  belt  sand  accumulation 
(tens  of  meters)  is  a  very  small  fraction  of  the  lateral  extent  of  either  the  cited  structural 
features  or  the  distance  from  the  originating  source  of  the  structural  movement  or 
tectonism  (hundreds  of  kilometers). 

SUMMARY 

Belt  sand  bodies  of  the  Hardinsburg  Formation  in  Indiana  resulted  from  focused 
current  action  on  quartz  sands  funnelled  along  sea  floor  lows  (Droste  and  Horowitz,  in 
press).  These  lows  were  located  where  locally  increased  subsidence  resulted  from  subtle 
adjustments  in  basement  structures.  We  infer  that  the  belt  sands  in  the  West  Baden, 
Tar  Springs,  and  Waltersburg  rocks  in  Indiana  resulted  from  similarly  controlled  dep- 
osition and  that  their  trends  mark  the  changing  loci  of  minor  basement  structural  ad- 
justments during  Chesterian  time.  These  trends  generally  parallel  the  tectonic 
adjustments  that  produced  structures  associated  with  the  LaSalle  Anticlinal  Belt  and 
Wabash  Valley  Fault  System.  The  West  Baden  belt  sandstones  in  Kentucky  show  clear 
alignment  with  the  tectonic  orientation  of  structures  of  the  Rough  Creek  Lineament. 

Belt  sand  body  orientation  within  Chesterian  rocks  may  not  be  the  only  indication 
of  the  orientation  of  subtle  basement  tectonics  during  the  Carboniferous.  Other  features, 
such  as  the  orientation  of  elongate  sand  bodies  in  Pennsylvanian  rocks  and  the  orientation 
of  major  stream  systems  formed  on  the  pre-Pennsylvanian  surface,  may  provide  insight 
about  other  subtle  tectonic  adjustments  in  the  cratonic  area  of  the  Illinois  Basin.  For 
example,  Greb  (1989)  has  attributed  to  structural  control  the  orientation  of  stream 
drainage  on  the  sub-Pennsylvanian  surface  in  parts  of  western  Kentucky. 
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NEW  QUATERNARY  GEOLOGIC  MAP  OF 
INDIANA— AN  INTRODUCTION 

Henry  H.  Gray 

Indiana  Geological  Survey,  61 1  N.  Walnut  Grove, 

Bloomington  IN  47405 

ABSTRACT:  The  surficial  geology  of  more  than  four-fifths  of  the  State  of  Indiana  has  been  directly 
affected  by  the  glacial  events  of  the  past  million  years  or  so,  yet  original  geologic  maps  that  show 
Quaternary  geology  statewide  came  late  on  the  scene,  are  few  in  number,  and  are  mostly  at  a 
scale  of  1:1,000,000  or  smaller. 

The  most  recent  Quaternary  geologic  map  of  Indiana  by  H.H.  Gray  in  1989  is  the  first  to  be 
printed  at  a  scale  of  1:500,000.  It  displays  39  material  geologic  units,  most  of  which  are  glacial 
in  origin,  and  also  shows  the  distribution  of  13  types  of  related  morphologic  features.  Some  of 
these  map  units  and  features  have  never  before  been  discriminated  on  a  statewide  map  of  Indiana; 
a  few  are  conceptually  new. 

This  map  reflects  current  interpretations  in  a  field  of  geology  where  concepts  are  rapidly 
changing  as  the  relevant  body  of  knowledge  grows.  As  a  consequence  the  map  may  soon  be  subject 
to  revision  in  detail,  but  it  will  nevertheless  for  the  foreseeable  future  be  a  basic  resource,  not 
only  in  Quaternary  geologic  investigations  but  also  in  related  fields,  such  as  engineering  geology, 
soil  science,  groundwater  studies,  land-use  planning,  and  environmental  management. 


INTRODUCTION  AND  HISTORICAL  BACKGROUND 

The  surficial  geology  of  more  than  four-fifths  of  Indiana  is  the  direct  or  indirect 
result  of  glacial  activity,  yet  until  relatively  recently  glacial  studies  in  this  state  have 
not  received  the  attention  they  merit.  For  example,  when  I  joined  the  Indiana  Geological 
Survey  in  1954,  there  were  more  than  20  specialists  on  the  Survey  staff  in  other  fields 
of  geology,  but  only  one  in  glacial  geology.  Even  today,  glacial  studies  at  the  Indiana 
Survey  are  organized  as  a  sub-field  of  environmental  geology. 

Partly  as  a  consequence  of  this  state  of  affairs,  mapping  of  the  glacial  deposits  in 
Indiana  lagged  behind  mapping  of  bedrock  geology  and  initially  was  carried  forward 
by  geologists  not  associated  with  the  Indiana  Geological  Survey.  Principal  among  these 
was  Frank  Leverett  of  the  U.S.  Geological  Survey  (Leverett,  1897,  1899,  1902),  whose 
work  culminated  in  a  monographic  treatment  (Leverett  and  Taylor,  1915)  that  to  this 
day  is  recognized  as  the  foundation  of  glacial  studies  in  this  region.  Indiana  University 
professors  C.A.  Malott  (1922,  1926)  and  W.D.  Thornbury  (1932,  1937)  introduced 
refinements  and  redefined  the  glacial  margins  but  produced  no  definitive  cartography, 
and  it  remained  for  W.J.  Wayne  (1958)  to  prepare  the  next  map  that  shows  the  areal 
glacial  geology  of  Indiana.  At  1:1,000,000  scale,  however,  this  map  is  too  small  to 
show  much  detail,  and  conceptually  it  differs  only  slightly  from  its  predecessors. 

In  the  1960s  and  1970s,  mapping  emphasis  at  the  Indiana  Geological  Survey  turned 
to  the  1:250, 000-scale  Regional  Geologic  Maps  (for  the  most  recent  example,  Gray  and 
others,  1979).  These  maps  show  Quaternary  deposits  in  color  superposed  over  gray  line 
patterns  that  delineate  the  bedrock  geology,  and  although  they  are  cartographical ly 
advanced,  they  introduced  only  relatively  minor  advances  in  our  understanding  of  the 
glacial  geology.  In  the  late  1970s,  however,  a  large  body  of  new  data,  based  mainly 
on  subsurface  studies  of  the  glacial  deposits,  began  to  change  our  concepts  of  the 
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mechanisms  of  glaciation  in  this  area  (see,  for  example,  Bleuer,  1989).  Most  importantly, 
the  developing  three-dimensional  view  showed  that  the  sequence  of  glacial  deposits  is 
not  as  simple  as  once  it  was  thought  to  be.  When  the  U.S.  Geological  Survey  began 
to  compile  a  nationwide  series  of  Quaternary  maps  at  1 : 1 ,000,000  scale  (Lineback  and 
others,  1983;  U.S.  Geological  Survey,  in  preparation),  it  became  possible  to  incorporate 
some  of  the  newer  concepts  into  that  interpretation.  A  page-size  map  (Indiana  Geological 
Survey,  1979),  considered  an  interim  product,  is  an  offshoot  of  that  effort. 

Some  other  earlier  mapping  efforts  are  worthy  of  brief  note.  In  the  late  1940s  and 
early  1950s,  students  of  W.D.  Thornbury  at  Indiana  University  compiled,  as  class 
projects,  a  set  of  glacial  materials  maps,  one  for  each  of  Indiana's  92  counties.  Most 
of  these  were  based  on  classroom  interpretations  of  soil  and  engineering  maps;  a  few 
were  based  on  aerial  photographs.  It  was  intended  to  assemble  these  individual  studies 
into  a  statewide  map  at  1:250,000  scale,  but  the  county  maps  were  of  such  uneven 
quality  that  the  work  was  not  carried  to  completion  and  exists  now  only  in  fragmental 
manuscript  form.  There  are  also  many  derivative  maps,  most  of  which  are  page-size 
and  intended  primarily  as  illustrations  (for  example,  Governor's  Water  Resource  Study 
Commission,  1980,  fig.  5).  These  generalizations  are  well  suited  to  their  purposes,  but 
none  displays  new  or  original  data.  Not  specifically  noted  here,  because  this  discussion 
is  focused  on  statewide  mapping,  are  reports  of  local  areas  in  which  Quaternary  materials 
are  mapped  or  described.  Only  the  most  recent  of  these  are  conceptually  up  to  date. 

CONSTRUCTION  OF  THE  MAP 

Preparation  of  a  modern  statewide  bedrock  geologic  map  of  Indiana  suitable  for 
wall  display  was  an  objective  of  the  Indiana  Geological  Survey  for  many  years.  Initial 
planning  under  the  direction  of  Charles  F.  Deiss  evolved  into  the  Regional  Geologic 
Maps  already  mentioned;  preparation  of  a  single-sheet  wall  map  became  a  principal 
objective  of  Deiss'  sucessor  as  State  Geologist,  John  B.  Patton.  In  addition  to  the 
Bedrock  Geologic  Map  of  Indiana  that  resulted  from  this  program  (Gray,  Ault,  and 
Keller,  1987),  derivative  products  include  maps  showing  topography  of  the  bedrock 
surface  (Gray,  1982)  and  thickness  of  unconsolidated  deposits  (Gray,  1983).  These 
maps  are  at  1 :500,000  scale.  It  became  obvious  that  to  complete  the  series,  a  Quaternary 
or  surficial  geologic  map  was  needed,  and  at  Dr.  Patton's  urging  work  commenced  in 
1982. 

Given  the  vast  amount  of  information  available  and  the  variety  of  sources,  com- 
pilation of  the  Quaternary  geologic  map  was  no  small  task.  In  a  few  places  modern 
fieldwork  has  resulted  in  surficial  geologic  maps  that  needed  only  to  be  generalized;  in 
many  more  places  interpretations  could  incorporate  very  good  related  information,  such 
as  soil  surveys;  and  in  a  few  places  mapping  concepts  had  to  be  based  on  a  scattering 
of  original  fieldwork  and  reconnaissance  study.  Topographic  maps,  aerial  photographs, 
and  satellite  imagery  were  used  throughout  the  study,  as  were  drill-hole  data  from  many 
sources.  In  some  areas  it  was  necessary  to  apply  interpretations  that  had  been  developed 
in  adjacent  areas  where  data  were  more  abundant.  There  was  no  concerted  program  of 
fieldwork,  but  many  local  problems  were  addressed  by  ad  hoc  field  studies.  I  will  not 
enumerate  all  those  who  helped  with  the  task  because  they  are  recognized  on  the  map 
itself,  but  there  were  many.  Special  thanks,  however,  go  to  N.K.  Bleuer  and  Gordon 
Fraser,  who  helped  in  developing  viable  concepts  for  mapping. 

Compilations  were  produced  county  by  county,  mostly  on  topographic  maps  at 
1:24,000  scale.  These  were  edge-matched  and  compared,  and  then  were  transferred  to 
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a  master  map  at  1:250,000  scale.  As  the  master  map  developed,  the  number  of  carto- 
graphic units  increased  to  an  unmanageable  number,  and  adjustments  were  therefore 
made.  To  accommodate  the  continuing  flow  of  new  information,  the  process  of  cor- 
rection, reinterpretation,  and  reconciliation  continued  until  the  last  possible  moment 
before  the  map  went  to  the  printer. 

Concurrent  with  map  assembly,  a  symbol  list  was  prepared.  This  evolved  into  the 
map  explanation,  which  in  final  form  includes  39  cartographic  units  (for  example, 
Wisconsinan  loam  till  of  Lake  Michigan  Lobe  source)  and  13  morphologic  features  (for 
example,  concentric  minor  moraines).  An  inset  group,  which  includes  a  set  of  diagram- 
matic cross  sections,  a  columnar  section,  and  a  small-scale  map,  illustrates  subsurface 
sequences  and  distribution  of  the  several  till  sheets  as  now  understood. 

Finally,  this  is  a  Quaternary  geologic  map,  not  a  map  restricted  to  glacial  geology, 
and  although  most  of  the  map  units  are  directly  or  indirectly  related  to  glacial  processes, 
there  are  included,  notably  in  southern  Indiana,  map  units  that  would  be  omitted  from 
a  map  showing  glacial  geology  only. 

NOTES  ON  SOME  OF  THE  MAP  UNITS 

Because  a  number  of  the  cartographic  units  shown  on  this  map  are  new  or  are 
newly  reinterpreted,  a  few  comments  are  appropriate.  The  units  are  discussed  approx- 
imately in  order  of  age  and  in  the  order  shown  in  the  explanation  on  the  map.  At  this 
point  it  will  be  helpful  to  the  reader  to  have  a  copy  of  the  Quaternary  map  (Gray,  1989) 
in  hand. 

Blanket  sand  (unit  bs). — South  of  the  Kankakee  River,  from  Newton  County  to 
Starke  County  and  southward  into  White  County,  lies  an  extensive  area  mapped  as 
blanket  sand.  This  material  unit  is  grouped  with  the  eolian  association,  as  is  traditional, 
but  its  surface  is  marked  not  only  with  dune  patches  (mapped  separately  as  unit  5,  dune 
sand,  where  sufficiently  extensive)  but  also  by  linear  relict  drainageways  that  suggest 
southward-directed  overflow  from  the  Kankakee  valley.  Furthermore,  the  blanket  sand 
is  transitional  laterally  into  sandy  lake  deposits  (unit  Is).  It  is  likely,  therefore,  that  the 
blanket  sand  is  of  mixed  origin  and  probably  incorporates  alluvial  and  lacustrine  elements 
as  well  as  eolian.  Further  study  into  the  origin,  age,  thickness,  and  exact  extent  of  this 
material  is  needed. 

Outwash  fans  (unit  of)  and  intensely  pitted  outwash  deposits  (unit  op). — Much  of 
what  previously  has  been  regarded  as  outwash  plain  is  mapped  as  outwash  fans  or  pitted 
outwash.  These  are  recognized  mainly  across  the  northern  part  of  the  state  and  are 
discriminated  from  undifferentiated  outwash  (unit  o,  much  of  which  is  valley  train)  by 
morphology.  Many  outwash  fans  head  in  morainal  areas,  have  a  perceptible  gradient, 
and  are  marked  by  abandoned  channel  segments  and  other  linear  trends.  In  St. Joseph 
County  a  large  area  of  pitted  outwash,  also  in  fan  form,  is  associated  with  an  area  of 
complex  drift  (unit  tg)  of  the  Lake  Michigan  Lobe.  Other  areas  of  pitted  outwash  are 
associated  with  what  has  been  regarded  as  an  interlobate  moraine  that  trends  from  Fulton 
County  to  Steuben  County.  Associated  fan  trends,  however,  suggest  that  this  feature, 
though  complex,  is  of  eastern  (Huron-Erie  Lobe)  source.  Linear  closed  depressions  that 
may  be  icethrust  features  mark  the  surface  of  some  areas  of  pitted  outwash. 

Complex  drift  in  chaotic  form  (unit  tg)  and  in  lineated  form  (unit  tt). — These  were 
distinguished  from  other  areas  of  Wisconsinan  till  because  they  include  many  patches 
of  stratified  drift  too  small  to  show  at  1:500,000  scale.  For  the  most  part  these  areas 
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were  recognized  through  the  study  of  soil  maps.  Chaotic  mixed  drift  occupies  fairly 
large  tracts  in  and  adjacent  to  areas  traditionally  associated  with  the  Saginaw  Lobe  and 
related  areas  formerly  thought  of  as  interlobate.  Lineated  mixed  drift,  in  which  the 
intermingled  slices  of  till  and  stratified  drift  are  linear  in  form,  originated  in  outwash- 
carrying  sub-ice  tunnels  or  ice-walled  channels  into  which  large  slabs  of  till  collapsed 
as  the  ice  wasted.  These  commonly  are  at  the  heads  of  major  proglacial  sluiceways 
throughout  much  of  the  area  of  Wisconsinan  drift. 

Till  associations. — Till  units  are  separated  on  the  map  not  only  by  age  and  sequence 
but  also  by  source.  Lake  Michigan  Lobe  till  and  Huron-Erie  Lobe  till  are  readily 
discriminated  by  mineral  content;  Saginaw  Lobe  till  has  been  significantly  reduced  in 
extent  from  earlier  mapping  and  is  less  certainly  identified,  primarily  by  the  orientation 
of  associated  drainage  way  patterns. 

Conventional  moraines  (symbol  ..m)  are  rather  out  of  favor  these  days  and  so  only 
a  few  have  survived  in  this  mapping,  but  buried  moraines  (symbol  ../m)  are  identified, 
where  known,  within  the  area  of  Wisconsinan  till.  The  Iroquois  Moraine  in  Newton 
and  Jasper  Counties  is  a  classic  example;  the  thickened  ridge  of  Lake  Michigan  Lobe 
till  is  overlain  by  thin  surface  till  of  the  Huron-Erie  Lobe.  Also  noted  in  the  explanation 
is  the  association  of  large  areas  of  ablation  drift  and  large-scale  dead-ice  landforms  with 
particular  till  units.  These  imply  a  surge-stagnation  cycle  for  at  least  some  of  the  ice 
sheets  that  covered  large  parts  of  Indiana. 

Finally,  overprint  symbols  show  various  surface  morphologic  features  discernible 
on  aerial  photographs  or  satellite  imagery.  These  include  low  parallel  ridges,  concentric 
minor  moraines,  relict  patterns  of  jointing,  and  linear  closed  depressions  that  may  be 
ice-thrust  features.  Some  of  these  features,  as  well  as  many  small  areas  of  ice-contact 
stratified  drift  that  are  shown  only  by  symbol,  are  more  prominently  associated  with 
certain  of  the  till  units  than  with  others.  Again,  association  with  stagnant  ice  is  implied. 
Because  no  regional  study  has  been  made  of  bedrock  striations  or  till  fabric  and  only 
incomplete  tabulations  exist,  these  features  are  not  shown. 

Upland  and  lowland  silt  complexes  (units  ru  and  rl). — Broad  upland  areas  in 
southeastern  Indiana  that  traditionally  have  been  mapped  as  Illinoian  till  now  are  known 
to  be  occupied  by  a  complex  of  silt  and  sandy  silt  that  is  not  simply  loess;  neither  is  it 
till,  nor  outwash,  nor  a  lacustrine  deposit.  This  body  of  material  (unit  ru)  is  as  much 
as  12  to  15  feet  (3  to  5  m)  thick  and  overlies  pre-Wisconsinan  till,  outwash  sand,  or 
bedrock.  All  these  have  a  well-developed  but  truncated  paleosol  at  their  tops.  Typically 
the  upland  silt  complex  mantles  broad  plateaulike  areas;  the  underlying  material  crops 
out  on  adjacent  hillslopes.  Across  the  south-central  and  southwestern  parts  of  the  state 
a  similar  material  (unit  rl)  is  extensive  in  lowland  areas,  most  of  which  have  previously 
been  mapped  as  lacustrine  (both  Wisconsinan  and  older)  or  as  pre-Wisconsinan  alluvium. 
This  lowland  silt  complex  overlies  the  same  kinds  of  older  materials  as  does  the  upland 
silt  complex. 

The  origin  of  these  deposits  is  enigmatic.  Probably  they  are  Wisconsinan  in  age 
because  the  degree  of  development  of  the  underlying  paleosol  suggests  that  it  is  San- 
gamonian  and  because  surface  soil  development  is  slight.  For  the  upland  silt,  a  case 
can  be  made  for  involving  cryoturbation  or  solifluction  at  the  time  of  the  Wisconsinan 
ice-maximum  for  the  lower  parts,  which  are  sandy  to  finely  pebbly,  weakly  stratified, 
and  made  up  of  degraded  material  that  probably  has  been  reworked  from  the  weathered 
zone  of  the  underlying  strata.  This  cryogenic  phase  may  have  been  followed  by  increasing 
loessal  contribution  because  the  upper  3  to  6  feet  (1  to  2  m)  of  the  deposit  is  primarily 
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silty.  A  sheetwash-to-eolian  origin  may  fit  the  lowland  silt.  Again,  a  need  for  further 
study  is  indicated. 

Distribution  of  loess  in  southern  and  central  Indiana  (unit  lo  in  part). — Loess  is 
mapped  as  a  separate  cartographic  unit  only  where  it  is  more  than  5  feet  (1 .5  m)  thick, 
but  thinner  loess  caps  all  surficial  geologic  units  mapped  in  southern  and  central  Indiana 
that  are  older  than  latest  Wisconsinan.  Rather  than  show  the  loess  as  an  all-enveloping 
blanket,  I  have  indicated  its  distribution  in  the  description  of  the  individual  units  affected. 

Subdivisions  within  the  Mitchell  Plain. — The  Mitchell  Plain  of  south-central  Indiana 
is  a  karst  plateau  underlain  by  limestones  of  mid-Mississippian  age.  Within  this  phys- 
iographic region,  three  distinctive  morphologies  are  discriminated:  areas  of  relatively 
thin  regolith  and  moderately  steep  slopes  in  which  outcrops  of  limestone  bedrock  are 
common  (unit  3);  areas  of  abundant  and  active  sinkholes,  soils  of  varied  thickness,  and 
no  surface  drainage  (intensive  karst;  unit  3K);  and  areas  of  thick  terra  rossa  regolith 
and  relatively  low  relief  (unit  3T).  These  aspects  of  the  Mitchell  Plain  have  been 
recognized  for  some  years  but  are  mapped  regionally  here  for  the  first  time. 

USES  AND  USERS  OF  THIS  MAP 

Any  geologic  map  is  influenced  by  concepts  current  at  the  time  of  its  preparation; 
this  may  be  more  obvious  in  Quaternary  maps  than  in  others  because  in  this  discipline 
many  kinds  of  studies  are  rapidly  reshaping,  modifying,  even  revolutionizing  our  think- 
ing. Subsurface  studies  of  Quaternary  deposits,  not  only  in  Indiana  but  also  in  adjoining 
and  related  areas,  are  proceeding  apace,  and  the  knowledge  generated  is  adding  a  third 
dimension  to  surface  mapping.  For  example,  3-D  maps  of  defined  material  bodies  make 
it  possible  to  "peel"  the  deposits,  layer  by  layer,  and  to  create  new  types  of  Quaternary 
geologic  maps,  new  interpretations,  and  new  uses. 

That  proviso  notwithstanding,  the  new  Quaternary  Geologic  Map  of  Indiana  cur- 
rently provides  the  only  modern  synoptic  overview  of  the  surficial  geologic  materials 
of  the  state.  It  also  serves  as  background  to  site-specific  studies  in  fields  where  man's 
activities  interact  with  these  materials,  notably  engineering  geology,  soil  science, 
groundwater  studies,  land-use  planning,  and  environmental  management. 
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ABSTRACT:  In  1854  Ryland  T.  Brown  was  appointed  "geological  agent1 '  by  Indiana  Governor 
J.  A.  Wright,  president  of  the  Indiana  Board  of  Agriculture,  to  conduct  a  geological  survey  of  the 
state.  Although  his  tenure  was  brief,  he  later  compiled  a  geologic  map  of  Indiana  that  was  printed 
in  1865  and  that  appeared  also  in  atlas  volumes  dated  1870,  1871,  and  1876.  Because  David  Dale 
Owen's  1837-38  and  1859  geologic  maps  have  long  been  lost,  Brown's  are  among  the  earliest 
statewide  geologic  maps  of  Indiana. 

In  comparing  Brown's  map  with  Nelson  Sayler's  1865  map  and  with  maps  reconstructed 
from  Owen's  texts,  it  is  apparent  that  although  the  maps  vary  in  the  way  the  geologic  units  are 
classified,  described,  and  drawn,  the  mapping  units  and  their  boundaries  are  broadly  similar.  The 
authors  all  endeavored  to  reconcile  their  descriptions  of  Indiana  rocks  with  classic  units  described 
in  England  and  in  New  York,  and  indeed  their  subdivisions  are  recognizable  today. 

Other  publications  by  Brown  indicate  that  he  carried  on  extensive  fieldwork.  He  classified 
Indiana  soils,  described  new  locations  of  industrial  minerals,  described  the  extent  and  composition 
of  the  drift  in  Indiana,  and  was  among  the  first  to  ascribe  those  deposits  to  glaciation.  He  did  not, 
however,  map  the  surficial  deposits. 


INTRODUCTION 

The  second  State  Geologist  of  Indiana,  Ryland  T.  Brown  ( 1 807-90),  is  an  enigmatic 
and  relatively  unknown  figure  in  the  history  of  Indiana  geology,  despite  mention  in 
three  papers  reviewing  the  contributions  of  Indiana  scientists  (Bland,  1906;  Blatchley, 
1917;  Inlow,  1960)  and  biographical  treatment  in  two  more  (Anonymous,  1888;  Melhorn 
and  Kenaga,  in  preparation).  Brown's  tenure  was  brief  and  of  uncertain  date,  he  called 
himself  a  "geological  agent,"  and  he  was  appointed  by  the  Board  of  Agriculture  rather 
than  by  the  legislature.  His  listings  in  the  bibliography  of  Indiana  geology  (Nevers  and 
Walker,  1962)  are  few,  and  Indiana  geologists  have  wondered  just  how  much  geologic 
work  R.  T.  Brown  actually  accomplished. 

We  have  determined  that  Brown  carried  out  a  considerable  body  of  geologic  work 
before,  during,  and  after  his  tenure  as  Geological  Agent.  His  career  in  geology  can  be 
said  to  have  begun  at  Wabash  College,  where  he  was  awarded  an  honorary  A.M.  degree 
in  1850,  although  there  is  some  evidence  that  he  engaged  in  geologic  fieldwork  for  a 
few  years  before  that  date.  We  present  here  a  list  of  published  papers  that  we  have 
found,  without,  however,  implying  that  the  list  is  complete.  Much  of  his  work  was 
reported  in  obscure  sources,  which  may  explain  its  absence  from  bibliographies  of 
geology.  Most  important,  we  have  learned  that  he  is  the  author  of  one  of  the  first,  if 
not  the  first,  of  the  published  geologic  maps  of  Indiana.  This  map  was  not  mentioned 
by  Patton  and  Gray  (1973)  in  their  review  of  statewide  geologic  maps  of  Indiana,  and 
it  is  this  map  that  we  report  on  here. 

Starting  with  the  first  geological  surveys  of  the  state  by  David  Dale  Owen  in  1837 
and  1838,  the  need  for  a  geologic  map  and  comprehensive  information  pertaining  to 
the  geology  of  the  state  became  a  continuing  concern.  A  partial  response  to  this  need 
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had  been  met  by  geographic  maps  and  gazetteers  accompanied  by  information  pertaining 
to  commercial  interests  in  Indiana.  These  were  prepared  as  guides  for  immigrants  to 
the  state  and  served  the  "combined  function  of  sales  brochure  and  information  hand- 
book" (Byrd  and  Cagle,  1966,  p.  14).  An  example,  one  of  many  dating  from  throughout 
the  first  half  of  the  19th  century,  is  the  map  published  by  J.  H.  Colton  (1838),  which 
was  accompanied  by  a  text  on  the  geology  of  Indiana  reprinted  from  Owen's  conclusions 
from  his  survey  of  1837. 

In  1851  Governor  J.  A.  Wright  proposed  preparation  of  a  "map  which  shall  tell 
us  the  depth  of  our  coal  seams,  the  best  location  of  our  iron  furnaces,  the  extent  and 
value  of  our  marble  and  stone  quarries,  the  worth  of  our  exhaustless  quantities  of  timber, 
and  the  true  character  of  our  soils"  (Guffin,  1875,  p.  214).  Several  years  later,  in 
support  of  this  same  goal,  Brown  (1856,  p.  253)  proposed  to  "give  to  the  world  a  map 
of  each  county  on  a  scale  of  not  less  than  half  an  inch  to  the  mile,  bound  in  a  convenient 
atlas  form  with  the  accompanying  report  exhibiting  geology,  topography,  soil,  timber, 
water,  etc.  The  sale  of  the  work  would  shortly  reimburse  the  funds  expended  in  the 
work." 

THE  GEOLOGIC  MAPS  OF  RYLAND  T.  BROWN 

Brown  ultimately  did  prepare  such  a  map  but  not  under  the  aegis  of  the  State  of 
Indiana.  His  map  appears  in  three  basic  formats.  The  earliest,  copyrighted  in  1864  and 
published  in  1865,  is  a  single-sheet  wall  map  entitled  "New  Civil  and  Congressional 
Township  Map  of  the  State  of  Indiana"  (version  1.1;  see  list  of  geologic  maps  appended). 
The  geologic  information  is  credited  to  Brown,  who  was  at  that  time  Professor  of  Natural 
Science  at  Northwestern  Christian  University  in  Indianapolis. 

On  this  map  the  geologic  boundaries  are  presented  by  dashed  black  lines  that  are 
emphasized  by  dark  blue  lines  hand  traced  in  watercolor.  The  descriptions  of  the  five 
geologic  divisions  depicted  follow  the  Ohio  River,  which  suggests  that  Brown  examined 
the  banks  of  the  river  as  Owen  had  done  in  the  spring  and  summer  of  1837.  The  oldest 
rocks,  which  are  in  southeastern  Indiana,  are  labeled  as  "Dark  Blue  Limestone  abound- 
ing in  marine  Fossils — heavy  beds  of  blue  Clay  between  the  Strata,"  also  labeled  the 
Trenton  Limestone  of  Hall,  a  New  York  geologist,  and  the  Lower  Silurian  of  English 
geologists.  Just  west  of  Madison  is  the  "Gray  Limestone  in  thick  Strata  with  but  little 
Clay  between  them,"  also  identified  as  the  Niagara  Limestone  of  Hall,  the  Upper  Silurian 
of  English  geologists,  and  the  Cliff  Rock  of  Locke,  an  Ohio  geologist.  At  Jeffersonville 
is  the  base  of  the  "Soft,  fine  grained  clay  Sand  Stone  Varying  in  colour — Gray,  yellow, 
red,  or  lead  colour,"  also  known  as  the  Chemung  Sandstone  of  Hall  and  the  Subcar- 
boniferous  Sandstone  of  Owen.  Near  what  today  is  known  as  Evans  Landing  is  "Coarse 
grained  gray  Limestone  in  thick  Strata,"  also  labeled  as  the  Subcarboniferous  Limestone 
of  Owen  and  the  Mountain  Limestone  of  English  geologists.  Finally,  near  Leavenworth, 
the  youngest  rocks  are  described  as  "Coarse  grained  Sandstone,  more  or  less  tinged 
with  Iron  interchanging  with  beds  of  Bituminous  Coal,  imperfect  Limestone,  Fire  Clay, 
and  Shales,"  also  known  as  the  Coal  Measures. 

A  second  version  of  the  map  (2.1,  2.2a,  2.2b)  was  published  in  1870  and  1871  in 
a  geographic  atlas  that  shows  clusters  of  Indiana  counties  at  a  scale  of  approximately 
1/4  inch  equals  1  mile.  A  small-scale  geologic  map  of  the  entire  state  appears  on  a 
corner  of  the  pages  that  show  the  southeastern  counties,  no  doubt  because  there  is  room 
to  include  it  there.  In  addition,  traces  of  the  geologic  boundaries  are  shown  across  the 
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county  maps  throughout  the  atlas,  which  makes  this  the  first  large-scale  geologic  map 
of  the  state,  albeit  without  color  and  in  several  sheets.  A  text  description  (Anonymous, 
1870,  1871),  which  is  credited  to  "Owens'  report"  and  which  is  a  collage  of  all  the 
earlier  Owen  reports,  appears  on  the  atlas  pages  that  follow  the  maps.  Preparator  of 
this  text  is  not  known. 

In  1876  a  third  and  final  version  (3.1)  of  the  map  appeared  in  another  atlas  by  a 
different  publisher.  In  this  atlas  the  counties  are  shown  on  a  larger  scale  and  are  one 
to  a  page  or  a  two-page  spread,  and  the  geologic  boundaries  are  not  shown.  The  same 
geologic  map  as  before  is  shown  on  a  separate  page,  and  a  text  authored  by  Brown 
follows  the  maps.  The  colors  on  this  map  differ  from  those  of  previous  versions,  but 
all  these  maps  were  hand  colored  and  each  copy  is  therefore  somewhat  individual.  In 
the  three  copies  we  have  seen  of  this  version,  the  colors  on  the  explanation  are  in  reverse 
order  from  those  on  the  map. 

The  geologic  boundaries,  classification,  and  descriptions  are  substantially  the  same 
on  all  the  maps,  but  because  the  text  description  accompanying  the  third  version  (Brown, 
1876)  does  not  tally  precisely,  it  may  have  been  the  product  of  Brown's  more  mature 
years.  For  example,  on  the  maps  the  limestones  and  dolomites  that  are  now  classified 
as  Silurian  and  Devonian  in  age  are  not  separated  and  are  described  only  as  "Gray 
Limestone,"  yet  in  the  text  Brown  correctly  recognizes  the  ages  of  these  rocks  and 
describes  them  separately. 

We  consider  Brown's  1865  map  to  be  an  original  work,  in  contrast  to  Nelson 
Sayler's  map  of  the  same  date,  which  we  regard  as  a  compilation  because  we  are  not 
aware  that  Sayler  conducted  any  fieldwork  and  because  the  Sayler  map  is  one  of  a  series 
covering  several  states  produced  for  his  Cincinnati  publisher.  Both  Sayler  and  Brown 
had  available  a  limited  body  of  published  information,  mainly  from  the  pens  of  David 
Dale  Owen  and  Richard  Owen,  and  both  may  have  seen  the  manuscript  map  presented 
to  the  Indiana  legislature  in  1859  by  David  Dale  Owen.  Yet  Sayler's  and  Brown's  maps 
differ  in  many  details  from  each  other  and  from  Owen's  description  of  his  map.  Owen 
had  seven  geologic  units  in  his  classification  scheme,  Brown  had  five,  and  Sayler  had 
six.  Boundaries  that  should  correspond  from  one  map  to  another  are  in  places  mapped 
(or  described)  miles  apart.  And  finally,  all  these  authors  suggested  correlations  of  the 
Indiana  rocks  with  those  in  the  better  known  sections  of  England  and  New  York,  and 
here  too  there  are  differences  among  the  assigned  correlations. 

Sayler,  alone  among  the  three,  shows  a  southern  margin  to  the  "Post  Tertiary  and 
Modern  Diluvium  and  Alluvium"  that  covers  northernmost  Indiana,  and  he  alone  shows 
small  areas  of  Devonian  and  Subcarboniferous  rocks  beneath  the  Diluvium  in  north- 
eastern Indiana.  From  the  latter  we  infer  a  debt  to  James  Hall  (1843),  whose  map  was 
among  the  first  to  delineate  the  Michigan  Basin.  We  surmise  further  that  both  Hall  and 
Byrem  Lawrence  (1843)  to  an  extent  purloined  the  earlier  work  of  Owen  in  their 
mapping,  because  the  introduction  to  Owen's  1846  map  and  paper  on  the  geology  of 
what  were  then  called  "the  Western  States"  indicated  that  their  publication  was  an 
attempt  to  recover  for  Owen  the  credit  for  discovering  "many  important  points"  in  the 
geology  of  what  is  now  the  Midwest.  All  in  all,  we  find  it  difficult  to  say  who  borrowed 
what  from  whom,  but  we  do  conclude  that,  beyond  the  fact  that  Owen  was  the  pioneer, 
Brown  too  created  an  original  work  based  at  least  in  part  on  his  own  field  experience. 

PLACEMENT  OF  BROWN  IN  THE  HISTORY  OF  INDIANA  GEOLOGY 

The  reestablishment  of  the  State  Board  of  Agriculture  under  Governor  Wright  in 
1851  brought  renewed  pressure  on  the  legislature  to  reinstate  a  state  geological  survey 
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(Melhorn  and  Kenaga,  in  preparation).  The  first  notice  of  work  by  R.  T.  Brown  con- 
cerning Indiana's  geology  is  in  1852,  13  years  after  D.  D.  Owen's  first  and  second 
survey  reports  were  printed.  At  this  time  he  delivered  a  lecture  to  the  legislators  entitled 
'The  Geology  of  Indiana  as  an  Element  of  Wealth  to  the  State"  (Brown,  1852).  This 
marks  the  initiation  of  an  active  campaign  to  have  the  legislators  appropriate  funding 
for  a  continued  geological  survey  of  the  state.  Whether  the  1853  republication  of  the 
first  (1837)  Owen  report  was  instigated  by  Brown  (see  appendix  by  Gray  in  Owen, 
1987),  or  whether  it  was  an  attempt  by  someone  else  to  forestall  Brown's  appointment 
to  carry  on  a  geological  survey,  we  do  not  now  know.  In  any  case,  the  legislature 
refused  to  establish  a  geological  survey,  and  when  Brown  was  appointed  "geological 
agent,"  apparently  in  1854,  it  was  Governor  Wright  who  made  the  appointment  as 
president  of  the  Board  of  Agriculture.  Brown's  interest  in  legislative  establishment  of 
a  continuing  Indiana  geological  survey  was  enduring,  however,  throughout  most  of  the 
period  between  the  earlier  (1837-38)  and  later  (1859-61)  Owen  surveys. 

In  the  section  on  coal  in  his  geological  survey  of  Indiana  (1854),  Brown  mentioned 
an  "able  and  energetic  company,"  the  American  Cannel  Coal  Company,  of  Cannelton, 
Indiana.  In  1855  Hamilton  Smith,  a  member  of  the  American  Cannel  Coal  Company 
and  a  Representative  from  Perry  County,  proposed  a  resolution  to  the  House  of  Rep- 
resentatives requesting  the  printing  of  1 ,000  copies  of  the  geological  survey  by  Brown 
(Journal  of  the  House  of  Representatives,  1855).  This  resolution  was  not  adopted,  and 
in  1857  Smith  published  for  the  State  Board  of  Agriculture  a  paper  entitled  "Coal 
Mining  in  Indiana"  (Smith,  1857).  Later,  Smith  "did  much  toward  bringing  about  the 
enactment  of  the  law  creating  the  survey  authorized  in  1859"  (Blatchley,  1917,  p.  114). 

The  second  survey  of  the  state  to  be  authorized  by  the  legislature  was  preceded  by 
lobbying  by  Wright  and  Brown  during  the  years  1855  to  1857.  In  1858  Brown  made  a 
final  appeal  to  the  public  before  accepting  a  position  as  chairman  of  Natural  Science  at 
Northwestern  Christian  College  (Melhorn  and  Kenaga,  in  preparation).  In  1859  the  same 
year  that  Owen's  first  and  second  reports  were  reprinted  with  revisions,  David  Dale 
Owen  was  again  appointed  State  Geologist.  He  designated  his  brother  Richard  as  chief 
assistant. 

Following  publication  of  the  report  by  Richard  Owen  (1862),  who  completed  the 
survey  after  his  brother's  death  in  1860,  there  were  further  appeals  by  Governor  Oliver 
P.  Morton  as  well  as  lobbying  and  published  work  by  Brown.  In  his  annual  messages 
of  1863,  1865,  and  again  in  1867,  Morton  stressed  the  importance  of  understanding 
Indiana's  mineral  resources  (Guffin,  1875).  In  1868,  at  the  request  of  acting  Governor 
Conrad  Baker,  Brown  compiled  a  pamphlet  entitled  "Indiana  and  Her  Resources" 
(Brown,  1868b),  10,000  copies  of  which  were  distributed  throughout  Pennsylvania  and 
the  eastern  states  (Guffin,  1875).  Still  another  report  by  Brown  published  in  the  State 
Agricultural  Report  for  1 867  pertains  to  the  mineral  resources  of  Indiana  ( Brown ,  1 868a) . 

In  his  annual  message  of  1869,  Governor  Conrad  Baker  requested  that  a  permanent 
office  be  established  for  the  State  Geologist  (Esarey,  1924).  During  that  same  year,  the 
Indiana  General  Assembly  approved  the  legislation  and  thus  provided  for  a  Geological 
Survey  and  an  Office  of  the  State  Geologist.  The  organization  was  named  the  Department 
of  Geology  and  Natural  Science  under  the  State  Board  of  Agriculture  with  Edward 
Travers  Cox  of  New  Harmony  as  its  head. 

RYLAND  T.  BROWN'S  PUBLISHED  WORK 

Brown  published  on  many  subjects,  including  soils,  industrial  minerals,  and  coal 
resources,  in  agricultural  journals,  in  newspapers,  and  in  publications  sponsored  by  the 
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Indiana  Board  of  Agriculture.  We  summarize  below  a  few  of  his  contributions  on  specific 
geologic  topics. 

Building  stone.  Brown's  most  comprehensive  geologic  report,  entitled  '  'Geological 
Survey  of  the  State  of  Indiana"  (Brown,  1854),  presented  data  on  the  location  of 
building-stone  deposits  suitable  for  commercial  development  as  one  indication  of  In- 
diana's self-sufficiency.  The  Whitewater  Valley  contains  a  "high  polish  marble"  (lime- 
stone). The  "Cliff  Rock"  (Laurel  Limestone  Member,  Silurian  System)  includes 
argillaceous  strata  that  were  used  to  construct  part  of  the  Wabash  and  Erie  Canal.  These 
later  needed  to  be  replaced  because  they  proved  not  to  be  durable,  but  the  magnesian 
variety  (Saluda  Member,  Ordovician  System)  was  successfully  used  to  construct  the 
Louisville  (Kentucky)  courthouse.  The  "Chemung  Sandstone"  (Borden  Group,  Mis- 
sissippian  System)  contains  what  Brown  considered  a  durable  building  stone  equivalent 
to  the  sandstones  of  the  Scioto  Valley  of  Ohio;  he  cautioned,  however,  against  using 
the  blue  or  leadcolored  variety  because  it  tended  to  deteriorate,  unlike  the  buff  or  drab, 
which  hardened  on  exposure.  Brown  praised  the  "White  River  Stone"  or  Mountain 
Limestone  of  English  geologists  (present  Salem  Limestone)  for  its  durability;  after  30 
years  of  exposure  the  foundation  of  the  Bloomington  courthouse  still  "preserves  its 
corners."  In  1868  Brown  further  described  locations  and  information  concerning  in- 
dustrial minerals. 

In  1870  in  an  article  serialized  in  the  Indianapolis  Journal  and  entitled  "The  Indiana 
Coal  Field,"  Brown  mentioned  a  sandstone  equivalent  to  the  "Millstone  Grit"  that 
demonstrated  its  durability  "by  the  conditions  of  long  exposed  cliffs."  The  whetstones 
of  French  Lick  were  attributed  to  this  unit  as  was  the  coarse  sandstone  used  to  build 
the  Cannelton  cotton  mill  in  1849.  He  further  noted  that  above  the  "bituminous  shale, 
which  forms  the  roof  of  the  main  block  coal,"  there  is  a  nearly  white  sandstone  that  is 
used  for  the  manufacture  of  grindstones. 

Iron  ore.  Before  the  competition  from  abundant  high-grade  ores  from  Lake  Superior 
and  Missouri,  sources  of  iron  were  considered  vital  to  the  manufacturing  interests  of 
Indiana.  Specific  deposits  mentioned  by  Brown  (1854)  are  near  the  Falls  of  Eel  River, 
near  Lodi,  and  near  the  Narrows  of  Sugar  Creek.  He  recognized  deposits  of  nodular 
iron  ore  associated  with  the  knob  sandstone,  limonites  of  the  coalfield  ("kidney"  and 
"stone"  ores  "in  the  shale  lying  between  the  mountain  limestone  and  the  millstone  grit 
above  it,"  1868a,  p.  515)  and  bog  ore. 

Beginning  about  1868  the  block  coals  were  used  in  blast  furnaces  for  smelting  ores 
(Brown,  1876)  because  they  were  found  to  be  usually  free  from  sulphur  and  produced 
pig  iron  resembling  the  Tennessee  "charcoal  metal."  An  interesting  suggestion  was 
made  by  Brown  for  developing  the  iron  deposits  of  northern  Indiana  where  there  was 
no  coal  and  little  timber  for  making  charcoal.  He  noted  that  in  northern  Europe  peat 
was  used  successfully  for  manufacturing  iron  and  suggested  an  experiment  in  the  re- 
duction of  bog  ore  with  peat. 

Coal.  Brown  stressed  repeatedly  the  importance  of  bringing  together  the  agricultural 
and  manufacturing  interests  of  the  state.  He  stated  that  the  Illinois  coalfield  "presents 
coal  beds  as  extensive  as  any  in  the  world  covered  by  a  soil  as  fertile  as  the  Delta  of 
the  Nile"  (1852).  His  estimates  of  Indiana  coal  resources  (Brown,  1857)  were,  however, 
considered  wildly  optimistic  by  some  influential  members  of  the  legislature,  and  this 
probably  played  a  part  in  their  refusal  to  establish  a  geological  survey  or  to  appoint 
Brown  State  Geologist.  According  to  Merrill  (1920,  p.  74),  the  legislature  refused  to 
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publish  Brown's  survey  report  of  1854  "on  the  ground  that  it  conveyed  an  erroneous 
and  exaggerated  idea  as  to  the  value  of  the  coals  of  the  State." 

Brown's  estimates  were,  if  anything,  conservative  and  ultimately  he  was  vindicated. 
His  report  entitled  "The  Manufacturing  Capabilities  of  the  Indiana  Coal  Field,"  orig- 
inally printed  by  the  State  Board  of  Agriculture  in  1857,  was  reprinted  in  revised  form 
in  1879.  The  later  version  contains  a  footnote  by  Brown  stating  that  at  the  time  of  the 
first  printing  he  "was  regarded  as  a  visionary  enthusiast,  whose  speculations  might 
amuse  for  an  hour,  but  were  deserving  of  no  further  attention"  (Brown,  1879,  p.  184). 
By  1879  attitudes  toward  the  coal  resources  of  Indiana  had  changed. 

Soils.  Like  David  Dale  Owen,  Brown  also  placed  an  importance  on  the  soils  of 
Indiana.  As  early  as  1852  he  noted  that  there  are  eight  classes  of  soils.  These  included 
those  of  the  drift  formation  (1856).  He  served  as  chief  of  T.  A.  Bland's  staff  of  writers 
on  "scientific  farming"  for  the  Indiana  Farmer,  previously  called  the  Northwestern 
Farmer,  from  1866  to  1871.  Bland  sold  the  Farmer  to  a  Mr.  Kingsbury  in  1871,  who 
retained  Brown  on  his  staff  until  Brown's  death  (Bland,  1906).  Richard  Owen  also 
published  a  number  of  articles  in  yet  another  publication  entitled  the  Indiana  Farmer. 

Glacial  deposits.  Brown's  thoughts  regarding  glacial  geology  and  the  origin  of  the 
"drift  formation"  were  developed  over  what  seem  to  be  many  years  of  observation 
during  fieldwork  and  interest  in  the  theories  that  were  being  proposed  at  the  time.  In 
several  of  his  papers  he  reveals  an  understanding  of  the  character  and  distribution  of 
the  drift  that  led  him  to  be  the  first  Indiana  geologist  to  ascribe  these  deposits  to  glacial 
origin.  His  first-hand  field  experience  apparently  began  before  his  tenure  as  Geological 
Agent.  In  an  annual  report  prepared  by  State  Geologist  John  Collett  is  a  letter  from 
Brown  ( 1 880)  that  discussed  the  origin  of  the  drift  and  that  mentioned  fieldwork  done 
"more  than  thirty  years  ago,"  that  is,  before  1850.  Early  in  his  writings  (1852)  he  used 
the  term  "Glacial  Period,"  although  in  the  same  publication  he  also  used  the  term 
"Diluvial  Formation,"  implying  torrents  of  water. 

In  Brown's  (1854)  geological  survey,  he  referred  to  the  influence  of  the  "Drift 
Period"  on  the  topography  of  the  state.  He  mentioned  a  broad  valley  lying  east  of  the 
Knobs  that  exhibits  a  surface  which  had  been  "subjected  to  the  denudined  [sic]  influence 
of  mighty  currents  of  water,"  causing  the  "fragile  slate"  to  be  carried  away  and  thus 
"undermining  the  sandstone  above"  (Brown,  1854,  p.  307).  He  suggested  that  this 
"natural  inclined  plane"  was  suitable  for  a  railroad  route  from  the  Ohio  River  to  the 
interior  of  the  state.  Today  we  call  this  physiographic  region  the  Scottsburg  Lowland, 
and  it  indeed  is  a  major  route  for  transport  by  rail  and  by  road. 

In  a  later  publication  on  the  soils  of  Indiana,  Brown  (1856,  p.  247)  again  suggested 
water  as  the  transporter  of  the  "drift  formation."  Citing  Cuvier,  he  stated  that  this  was 
"not  a  mere  inundation  of  the  earth  by  a  sheet  of  standing  water,  but  an  overwhelming 
of  it  by  mighty  currents."  He  further  added  that  after  spending  a  large  amount  of  time 
in  the  field,  he  had  noticed  an  absence  of  either  marine  or  fresh-water  remains  in  the 
drift,  which  convinced  him  of  "the  falsehood  of  the  hypothesis  which  supposes  that 
the  drift  was  quietly  laid  down  from  floating  icebergs  at  the  bottom  of  an  ocean..." 
(1856,  p. 249).  Instead,  he  envisioned  "mighty  currents  of  water  rushing  down  from 
the  north,  bearing  along  with  them  the  vast  ice  fields  of  the  polar  seas."  In  this  same 
publication  he  described  three  units  of  the  "drift  formation."  From  oldest  to  youngest 
these  are  a  leadcolored  clay  or  dark  marlite  that  in  places  contains  fragments  of  perfectly 
preserved  wood,  a  deposit  of  gravel  that  contains  reservoirs  of  water,  and  an  upper  blue 
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clay  that  "gradually  fades  into  a  yellow  clay  above  on  which  rests  the  soil"  (1856, 
p. 250).  Clearly  these  are  till,  outwash,  and  loess. 

Despite  his  earlier  uncertainties,  eventually  Brown  fully  accepted  the  glacial  theory 
for  the  origin  of  the  drift  and  attributed  the  transport  of  the  drift  to  the  "combined 
agencies  of  ice  and  water"  (Brown,  1876,  p.  199).  Further,  he  noted  that  the  "rush  of 
mighty  torrents"  derived  from  melting  glaciers. 

CONCLUSION 

Brown's  geologic  work  began  perhaps  20  years  before  first  publication  of  his  maps 
and  continued  for  another  20  years.  He  was  a  strong  and  continuing  supporter  of  a  state 
geological  survey.  In  this  light  it  seems  strange  that  neither  of  the  Owens  made  any 
mention  of  his  efforts  and  also  that  E.  T.  Cox  as  State  Geologist  (1869-79)  made  no 
use  of  his  geologic  knowledge  and  talents.  We  surmise,  as  do  Melhorn  and  Kenaga  (in 
preparation),  that  Cox,  being  a  close  associate  of  the  Owens,  for  some  reason  also 
preferred  to  ignore  Brown's  work.  This  prejudice  apparently  did  not  carry  over  to  Cox's 
successor,  John  Collett,  for  whom  Brown  did  author  several  county  geologic  reports 
(Brown,  1882,  1883,  1884a,  1884b,  and  1886).  These,  however,  do  not  reveal  the 
prescience  and  depth  of  thought  suggested  by  his  earlier  work.  Much  remains  to  be 
learned  concerning  Ryland  T.  Brown  and  his  career  in  geology.  We  hope  we  have  shed 
some  light  on  the  ability  and  oeuvre  of  this  man. 
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LIST  OF  GEOLOGIC  MAPS  BY  RYLAND  T.  BROWN 

I .  I  Asher  and  Adams'  New  Civil  and  Congressional  Township  Map  of  the  State  of  Indiana.  Compiled  and 
draughted  by  Frederick  Stein  from  the  latest  official  United  States  surveys,  exhibiting  the  sections  and 
fractional  sections,  the  boundaries  of  civil  township  and  counties,  canals  and  railroads,  the  location  of 
cities,  villages  and  post  offices.  Indianapolis:  Asher  and  Adams,  1865.  Lith.,  Sage  Sons  and  Co., 
Buffalo. 

Colored  map,  148x99  cm.  The  boundaries  of  the  geologic  divisions  are  presented  by  small  dotted 
lines  (heavy  dark  blue  lines  can  be  seen  tracing  these  outlines).  Geologic  descriptions  follow  the 
Ohio  River.  Differences  from  later  atlas  descriptions  include:  No  reference  to  Subcarboniferous 
Limestone  (Eng.  Geol.);  refers  instead  to  Subcarboniferous  Sandstone,  Owen.  Also  coarse 
"grained"  sandstone  instead  of  coarse  "granite"  sandstone  of  later  versions.  The  geologic  in- 
formation is  credited  to  Brown  in  the  following  manner:  "Geological  Survey  compiled  and  arranged 
by  R.  T.  Brown,  Prof,  of  Nat.  Science,  N.W.  Christian  University  and  late  State  Geologist". 
Scale  ca.  1:31  1,000.  Seen  at  Indiana  State  Library. 

2.1  "New  Topographical  Atlas  and  Gazetteer  of  Indiana:  comprising  a  topographical  view  of  the  several 
counties  of  the  state;  together  with  a  railroad  map  of  Ohio,  Indiana,  and  Illinois;  an  alphabetical  gazetteer, 
giving  a  concise  description  and  the  location  of  cities,  villages,  postoffices,  railroad  stations,  landings, 
etc;  and  a  brief  history  of  Indiana."  Indianapolis:  Higgins  and  Ryan,  1870 
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The  individual  county  maps  appear  to  have  been  derived  from  the  1865  map.  On  p.  12  is  a  colored 
"Geological  Map  of  Indiana  by  Prof.  R.  T.  Brown."  On  p.  40  is  the  "History  and  Gazetteer  of 
Indiana,  with  Topographical  Key."  Included  under  this  heading  on  p.  49-52  is  "Geological 
Formation  of  Indiana."  This  text  is  credited  to  "Owens'  report"  and  is  evidently  assembled  from 
David  Dale  Owen's  1837-38-39  reports,  his  extensively  revised  1859  report,  and  Richard  Owen's 
1862  report.  Text  referring  to  block  coal  is  not  Owen's  work.  In  "Explanation  to  Geological  Map" 
on  p.  12,  the  following  differences  from  the  1865  map  are  noted:  "Subcarboniferous  Limestone 
(Eng.  Geol.)"  not  "Subcarboniferous  Sandstone,  Owen"  (of  version  1.1).  "Coarse  granite  Sand- 
stone..." instead  of  "Coarsegrained  Sandstone..."  (of  version  1.1).  "Boundaries  of  the  Geological 
Divisions  are  also  presented  by  the  small  dotted  lines  running  through  the  several  Maps  of  this 
Work,"  (not  on  version  1 . 1 ).  Scale  ca.  1:3 16,800  for  individual  county  maps.  Scale  ca.  1:2,300,000 
for  the  geologic  map.  Seen  in  the  Indiana  University  Library. 

2.2a     "New  Topographical  Atlas  and  Gazetteer  of  Indiana:  comprising  a  topographical  view  of  the  several 
counties  of  the  state,  together  with  a  railroad  map  of  Ohio,  Indiana,  and  Illinois;  an  alphabetical 
gazetteer,  giving  a  concise  description  and  location  of  cities,  villages,  post  offices,  railroad  stations, 
landings,  etc.,  and  a  brief  history  of  Indiana."  New  York:  Asher,  Adams,  and Higgins,  1870  and  1871 
No.  335  Broadway.  Electrotyped  at  the  Franklin  Type  Foundry,  Cincinnati,  Ohio.  I.W.  Field,  Map 
Printing,  Coloring  and  Mounting  Establishment.  410  Walnut  St.,  Philadelphia 
Contents  same  as  above.  Seen  in  the  Indiana  University  Library. 
2.2b     "New  Topographical  Atlas  and  Gazetteer  of  Indiana:  comprising  a  topographical  view  of  the  several 
counties  of  the  state,  together  with  a  railroad  map  of  Ohio,  Indiana,  and  Illinois;  an  alphabetical 
gazetteer,  giving  a  concise  description  and  the  location  of  cities,  villages,  post  offices,  railroad  stations, 
landings,  etc.,  and  a  brief  history  of  Indiana".  New  York:  Geo.  H.  Adams  and  Co.,   1871.  335 
Broadway.  Indianapolis,  In:  Corner  Illinois  Street  and  Kentucky  Ave.  Electrotyped  at  the  Franklin 
Type  Foundry,  Cincinnati,  Ohio. 
Contents  same  as  above.  Bound  in  original  red  and  black  cloth.  Seen  in  Lilly  Library,  Indiana 
University. 
3.1     Illustrated  historical  atlas  of  the  State  of  Indiana.  Illinois:  Baskin,  Forster  and  Co.,  1876.  Lakeside 
Building,  Chicago. 

On  p.  7  is  a  "Geologic  Map  of  Indiana"  (no  credits  are  given).  This  colored  map  is  on  a  smaller 
scale  than  the  1870-71  geologic  map  noted  above,  but  the  boundaries  and  the  explanations  are  the 
same.  The  county  maps  are  entirely  different  from  the  ones  contained  in  the  atlas  noted  above. 
Noted  on  three  copies  that  the  colors  for  the  oldest  and  youngest  strata  are  reversed  on  the  map. 
On  p.  199  the  following  text  is  noted:  "Geology,  Topography,  Etc.  by  Dr.  R.T.  Brown"  (economic 
geology,  p.  199-200;  coal,  p.  200;  iron  ore,  p.  200;  other  minerals,  p.  200;  topography,  p.  200; 
soils,  p.  200-201).  Also  contains  on  p.  214  the  history  of  the  State  Board  of  Agriculture  and  the 
geological  surveys  of  Indiana.  This  is  credited  to  Henry  Guffin  and  was  reprinted  from  an  article 
in  the  Twenty-fourth  Annual  Report  of  the  State  Board  of  Agriculture.  Three  copies  seen  at  Geology 
and  Main  Library,  Indiana  University. 
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INTRODUCTION 

The  educational  system  in  the  United  States  is  failing  to  train  enough  scientists 
and  engineers  to  meet  the  needs  of  industry,  the  military  and  the  universities.  A  series 
of  major  reports  issued  in  the  early  1980s  such  as  Educating  Americans  for  the  21st 
Century  produced  by  a  commission  of  the  National  Science  Board  (3)  outlined  the 
problem  and  suggested  solutions.  A  particularly  disturbing  aspect  of  the  problem  is  the 
failure  of  women  and  minority  students  to  become  scientists  and  engineers. 

The  shortage  is  particularly  acute  in  the  physical  sciences.  For  instance,  according 
to  the  American  Institute  of  Physics  Education  and  Employment  Statistics  Division,  the 
years  from  1972  to  1988  saw  a  30%  decrease  in  the  number  of  U.S.  citizens  entering 
graduate  school  in  physics.  Foreign  graduate  students  have  partially  filled  the  vacant 
places,  but  many  of  these  students  do  not  enter  the  U.S.  workforce. 

Recent  articles  reflect  the  concern  of  the  American  Association  for  the  Advancement 
of  Science  (2),  Sigma  Xi  ( 1 )  and  the  American  Association  of  Physics  Teachers  (4). 
Each  of  these  organizations  has  mounted  a  major  campaign  to  induce  more  students  to 
study  science  and  to  increase  the  scientific  literacy  of  the  American  public.  All  of  them 
express  concern  over  the  low  enrollments  of  women  and  minority  students  in  the  sci- 
ences. 

Even  the  popular  press  has  become  aware  of  the  crisis  in  science  education.  Parade 
Magazine  (5)  and  Time  (6)  recently  carried  articles  urging  national  attention  to  recruiting 
more  students  into  the  study  of  science  and  increasing  the  scientific  literacy  of  the 
American  public. 

The  existence  of  a  problem  in  science  education  in  the  United  States  is  generally 
accepted  and  widely  documented.  Unfortunately  the  search  for  solutions  to  this  problem 
is  not  simple.  The  problem  has  many  facets  including  early  perceptions  of  science  gained 
from  poorly  trained  elementary  teachers  and  parents;  stale  science  curricula  in  the  middle 
and  high  schools  which  offer  little  opportunity  for  hands-on  experimentation  and  take 
no  advantage  of  new  research  on  how  students  learn;  and  a  public  perception  that  science 
in  general,  physics  in  particular,  is  dull  and  boring. 

SELLING  PHYSICS 

In  order  to  increase  enrollment  in  high  school  and  college  physics  courses,  we 
must  interest  students  in  studying  physical  science  during  middle  school  so  that  they 
will  have  the  necessary  background  for  the  higher  level  courses.  The  students  who 
regularly  watch  the  many  excellent  science-oriented  television  shows  such  as  public 
television's  "Nova"  need  little  encouragement  to  become  interested  in  studying  science. 
Unfortunately  they  are  in  the  minority.  Most  students  gain  their  perceptions  of  science 
and  scientists  from  commercial  television. 

Popular  television  portrayals  of  physicists  generally  cast  them  as  villains  or  un- 
worldly fools  whose  love  of  science  makes  them  easy  dupes.  Even  physicist  heros  from 
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the  media  present  a  less  than  realistic  view  of  the  life  of  a  physicist.  Consider  for 
example  the  recent  television  shows  "Misfits  of  Science''  or  "Head  of  the  Class"  and 
the  movies  "Buckaroo  Bonzai,"  "Back  to  the  Future,"  or  "Real  Genius."  Not  only 
commercial  television  but  also  the  rest  of  the  popular  media  have  combined  to  paint 
physicists  as  distinctly  different  from  the  rest  of  society  and  probably  a  danger  to  it  (7). 

The  Physics  at  the  Indianapolis-500  Project  seeks  to  use  television  commercials  to 
"sell"  the  idea  that  physics  is  exciting,  fun  and  accessible  to  the  general  public  and 
simultaneously  present  a  lesson  on  a  basic  principle  of  physics.  Television  is  the  primary 
learning  tool  for  young  people.  Through  programming  like  MTV,  even  pre-teens  are 
used  to  fast,  glitzy  productions.  In  order  to  reach  the  audience  of  middle  school  students 
and,  of  course,  their  parents,  we  sought  to  build  our  advertising  campaign  around  a 
television  event  that  receives  wide  television  coverage  and  is  popular  with  our  intended 
audience. 

The  Indianapolis-500  mile  race  is  a  statewide  event  in  Indiana  during  the  month 
of  May.  Because  there  is  extensive  media  coverage  throughout  the  month,  even  the 
public  who  are  not  racing  fans  learn  to  know  drivers'  names,  top  speeds,  and  events 
surrounding  the  race.  There  is  a  sense  of  pride  and  ownership  for  Hoosiers  in  the  500, 
and  drivers  are  seen  as  heros  by  young  people  in  the  state. 

The  Physics  at  the  Indianapolis-500  Project  combines  the  interest  in  the  race  and 
the  drivers  with  the  most  familiar  medium  for  young  people:  the  television  commercial. 

PROJECT  DESIGN 

The  Physics  at  the  Indianapolis-500  Project  has  designed  five,  sixty-second  tele- 
vision spots,  each  of  which  uses  an  aspect  of  the  500-mile  race  to  illustrate  a  principle 
of  physics.  The  project  has  three  major  goals. 

First,  Physics  at  the  Indianapolis-500  will  create  a  more  positive  image  of  physics 
in  the  minds  of  teenagers,  their  parents  and  the  general  public  by  demonstrating  that 
physics  is  part  of  the  everyday  world.  Physics  will  be  associated  with  the  high  glamor 
of  racing.  By  showing  that  physics  is  useful  in  racing  and  easily  understandable  there, 
students  will  learn  that  they  can  understand  physics  and  that  it  is  of  practical  use  in 
their  lives. 

Second,  the  project  will  present  a  general  audience  of  television  viewers  with  a 
few  basic  lessons  in  physics.  A  little  bit  of  technical  vocabulary  is  introduced  so  that 
the  viewing  audience  will  actually  learn  some  physics  principles.  The  television  spots 
are  designed  to  increase  the  scientific  literacy  of  their  audience  as  well  as  to  illustrate 
the  application  of  physics  to  automobile  racing. 

Finally,  the  project  will  make  the  spots  available  to  schools  along  with  a  teacher's 
guide  at  a  minimum  cost.  Many  middle  schools  have  poor  laboratory  facilities.  Teachers 
are  not  given  the  time  or  they  lack  the  knowledge  and  experience  to  design  and  conduct 
labs  for  their  students.  Although  it  is  not  a  substitute  for  hands-on  lab  work,  the  use  of 
media  in  teaching  middle  school  physical  science  will  be  a  considerable  improvement 
over  a  straight  lecture  and  book  test  system. 

The  spots  will  be  high  quality  visuals  each  designed  to  illustrate  a  physics  principle 
and  its  application  to  racing.  They  will  use  racing  footage  and  computer  graphics  to 
illustrate  the  principles  involved  at  a  level  easily  comprehensible  to  the  general  public. 
The  series  will  be  narrated  by  a  driver  who  is  a  hero  to  most  of  Indiana  and  introduced 
by  a  title  sequence  featuring  physics.  The  spots  are  designed  to  be  shown  on  commercial 
television  during  the  broadcast  of  the  race  itself  or  during  time  trials. 
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The  series  will  be  filmed  at  the  track  in  Indianapolis.  Footage  from  previous  races 
has  been  contributed  by  the  Indianapolis  Motor  Speedway.  Ball  State  University  has 
recently  acquired  the  equipment  necessary  for  the  production  of  high  quality  computer 
graphics  and  the  professional  editing  of  video  tapes.  Funding  for  the  making  of  a  pilot 
tape  was  provided  by  a  grant  from  Ball  State  University. 

The  pilot  tape  is  a  spot  on  the  Doppler  effect  in  racing  which  shows  how  the 
characteristic  change  in  pitch  of  a  passing  race  car  is  produced.  The  spot  introduces  the 
idea  that  sound  is  a  pressure  wave  in  air.  It  also  comments  on  the  relationship  between 
pitch  and  frequency,  although  the  word  frequency  is  not  used.  Computer  generated 
graphics  of  a  race  car  generating  waves  of  differing  frequency  have  been  completed  for 
this  pilot  tape,  and  an  actor  portrays  the  driver  who  would  introduce  the  spots.  Figure 
1  is  a  still  taken  from  a  frame  of  the  pilot  video  which  shows  the  car  created  by  the 
graphic  artist. 

The  second  planned  spot  concerns  the  Law  of  Conservation  of  Energy  and  the  way 
in  which  racing  cars  are  designed  to  destroy  themselves  in  collisions  to  carry  off  the 
energy  of  the  car  and  protect  the  driver.  This  spot  will  take  advantage  of  stock  footage 
of  some  of  the  terrible  looking  crashes  at  the  race  from  which  the  driver  has  emerged 
unharmed.  Computer  graphics  will  be  used  to  model  a  crash  and  demonstrate  the 
conservation  of  energy. 

The  third  spot  deals  with  the  steeply  banked  track  at  the  Indianapolis  Motor  Speed- 
way and  the  reason  why  it  helps  cars  turn  at  high  speeds.  Graphics  will  be  used  to 
illustrate  the  centripetal  force  involved. 

The  fourth  spot  will  be  introduced  by  the  famous  scene  at  the  beginning  of  the 
race  where  cars  wobble  down  the  track  as  drivers  scuff  their  tires  to  increase  friction 
with  the  track.  The  force  of  friction  and  the  design  of  racing  tires  to  increase  it  provide 
the  theme  of  this  spot. 

Finally,  we  will  ask  why  racing  cars  stay  on  the  track  since  they  travel  at  the  speed 
of  an  airplane  about  to  take  off.  This  spot  introduces  the  Bernoulli  effect  and  its  use  in 
the  design  of  cars. 

THE  INITIAL  PHASE  OF  THE  PROJECT 

All  five  spots  have  been  developed  in  detail  and  a  story  board  prepared  for  each 
of  them.  The  segment  on  the  Doppler  Effect  has  actually  been  produced  as  a  rough 
pilot  to  illustrate  the  use  of  the  computer  graphics  in  the  project.  The  pilot  tape  has  two 
purposes.  First,  it  will  help  in  persuading  commercial  sponsors  to  fund  the  project. 
Secondly,  we  wanted  to  be  certain  that  middle  school  students  could  learn  physics  from 
such  a  short  tape. 

In  order  to  ascertain  the  degree  to  which  students  learned  from  the  tape,  we  obtained 
the  assistance  of  several  middle  school  science  teachers,  Mrs.  Nancy  Watson  of  Burris 
Laboratory  School  in  Muncie  and  Mrs.  Charlene  Mieir,  Mrs.  Dee  Williams,  Mr.  Lee 
Witt  and  Mrs.  Cheryl  Fuller  of  East  Side  Middle  School  in  Anderson.  Two  eighth  grade 
science  classes  at  Burris,  three  eighth  grade  science  classes  at  East  Side  and  two  sixth 
grade  science  classes  at  Burris  were  given  a  pretest  on  the  Doppler  effect.  Several  days 
later,  each  class  was  shown  the  pilot  video  and  then  given  a  post  test.  Results  of  this 
simple  experiment  shown  in  Figure  2  demonstrate  that  students  did  learn  basic  physics 
from  the  short  video. 

We  also  asked  the  147  students  who  participated  in  the  study  to  fill  out  a  ques- 
tionnaire describing  their  reactions  to  the  video.  They  were  generally  very  positive. 
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Although  the  implication  is  flattering,  we  feel  that  the  spots  must  be  tested  when  they 
are  actually  part  of  television  programming. 

Finally  we  examined  our  data  to  see  if  we  could  detect  any  difference  in  the  response 
of  male  and  female  students.  While  we  found  small  differences,  none  of  them  were 
statistically  significant.  In  the  future,  we  hope  to  expand  the  study  to  see  whether 
continued  exposure  to  the  spots  as  commercials  will  increase  learning  and  to  look  at 
the  long  term  retention  of  the  physics  concepts  presented. 

CONCLUSIONS 

The  results  of  our  limited  study  of  the  learning  of  middle  school  students  has 
convinced  us  that  the  medium  of  the  television  commercial  can  be  used  not  only  to 
4 'sell' '  physics  as  an  interesting  pursuit,  but  also  to  teach  simple  principles  to  middle 
school  students.  We  intend  to  actively  seek  funding  to  continue  the  project  and  produce 
the  remaining  spots. 

An  interesting  side  effect  of  the  study  has  been  the  discovery  of  how  essential  a 
multi-disciplinary  team  is  to  the  project  and  how  very  different  the  approach  of  the 
disciplines  to  the  project  can  be.  We  are  professors  of  physics  and  astronomy,  telecom- 
munications and  journalism,  a  senior  student  majoring  in  secondary  mathematic  edu- 
cation and  a  producer.  Each  of  us  has  had  a  major  role  in  the  project  and  has  learned 
from  the  other  members  of  the  team.  The  physicist  had  to  be  persuaded  to  speak  simple 
English  instead  of  technical  jargon  by  the  journalist  who  is  a  sports  writer  by  profession. 
The  telecommunications  specialist  had  to  understand  the  physics  and  translate  it  into  a 
form  from  which  the  producer  could  work.  Finally  the  producer  worked  with  the  physicist 
to  ensure  the  accuracy  of  the  finished  product.  The  student  of  secondary  education 
supervised  the  testing  done  in  the  middle  schools  and  provided  a  fresh  response  to  the 
entire  project. 

We  are  convinced  that  this  sort  of  cross  disciplinary  team  effort  will  be  required 
to  reach  students  early  enough  so  that  we  can  produce  the  physicists  our  society  needs. 
It  requires  work  to  establish  lines  of  communication  that  best  utilize  each  discipline's 
strengths,  but  a  variety  of  skills  are  needed  to  tackle  a  problem  as  complex  as  the  crisis 
we  face  in  science  education. 
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ABSTRACT:  Twenty-eight  taxa  of  vascular  plants  categorized  as  new  to  Indiana;  new  to  southern 
Indiana;  and  rarely  observed  in  southern  Indiana,  were  found  in  southern  Indiana  during  the  1988 
and  1989  natural  area  and  rare  species  inventory  of  the  Indiana  DNR,  Division  of  Nature  Preserves. 
Those  new  to  Indiana  are:  Aegopodium  podagraria,  Arthraxon  hispidus,  Broussonetia  papyrifera, 
Eupatorium  rotundifolium,  Pachysandra  procumbens,  Poly  gala  incarnata.  Ranunculus  harveyi, 
Sanicula  smallii,  Senecio  smallii,  Setaria  geniculata,  and  Spiranthes  ochroleuca.  Epipactis  hel- 
leborine  and  Hieraceum  pratense  are  new  to  southern  Indiana.  Those  rarely  observed  in  southern 
Indiana  include  Aconitum  uncinatum,  Agalinis  fasciculata,  Agalinis  gattingeri,  Arabis  patens, 
Eupatorium  incarnatum,  Helianthus  occidental  is,  Jussiaea  decurrens,  Ligusticum  canadense,  Li- 
paris  loeselii,  Malaxis  unifolia,  Poly  taenia  nuttallii,  Prenanthes  aspera,  Solidago  hispida,  Solidago 
speciosa,  and  Spiranthes  lucida. 


INTRODUCTION 

This  paper  is  the  fourth  in  a  series  of  reports  by  the  principal  author  to  the  Academy 
on  additions  to  the  vascular  flora  of  southern  Indiana  (Homoya,  1983;  Homoya  in  press; 
Homoya  and  Abrell,  1986).  Southern  Indiana  as  defined  here  is  that  area  south  of  U.S. 
Highway  40  east  of  Indianapolis  and  U.S.  Highway  36  west  of  Indianapolis.  Information 
on  current  endangerment  status  in  the  state  comes  from  Aldrich  et  al.  (1986).  Nomen- 
clature follows  Gleason  and  Cronquist  (1963),  except  for  Spiranthes,  which  follows 
Luer  (1975),  and  Agalinis,  which  follows  Mohlenbrock  (1986).  Natural  region  names 
follow  Homoya  et  al.  (1985). 

SPECIES  NEW  TO  INDIANA 

Aegopodium  podagraria  L.  Jennings  County.  This  exotic  umbel  was  collected  in 
a  rich,  mesic  woodland  near  the  Vernon  Fork  of  the  Muscatatuck  River,  near  the  town 
of  Vernon.  The  plants  appeared  to  be  naturalized,  not  occurring  next  to  any  habitation. 
Also,  the  plants  were  not  variegated  as  the  cultivated  ones  typically  are;  leaves  of  plants 
established  from  seed  are  non-variegated  (Voss,  1985).  (June  6,  1989  Homoya,  Hedge, 
and  LeBlanc  89-06-06-34). 

Arthraxon  hispidus  (Thunb.)  Makino.  Perry  County.  This  Japanese  grass  is  cur- 
rently well  established  in  the  southeastern  U.S.  and  is  extending  its  range  northward. 
Unfortunately,  it  now  occurs  in  Indiana,  growing  in  a  shallow  ditch  feeding  the  Ohio 
River  east  of  Cannelton.  Cusick  ( 1 986)  included  Indiana  within  the  range  of  this  species, 
but  to  our  knowledge  this  is  the  first  report  documenting  a  collected  specimen. (October 
3,  1989  Homoya  and  Hedge  89-10-03-197). 
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Broussonetia  papyrifera  (L.)  Vent.  Harrison  and  Perry  Counties.  This  exotic  tree 
appears  to  be  freely  escaped  and  naturalized  along  roadsides  and  rocky  slopes  bordering 
the  Ohio  River.  Deam  (1940)  had  not  seen  naturalized  specimens  of  this  species,  so 
perhaps  our  observations  are  of  a  relatively  recent  phenomenon,  although  some  trees 
observed  were  quite  large  (doubtful  over  50  yrs.  of  age,  however).  (HARRISON 
COUNTY:  August  18,  1989  Homoya  and  Abrell  89-08-18-129;  not  vouchered  for  Perry 
County). 

Eupatorium  rotundifolium  L.  Harrison  County.  This  attractive  composite  with 
southeastern  U.S.  affinities  was  found  in  a  depauperate  chert  barrens  in  southern  Harrison 
County.  Several  clumps  were  noted  growing  with  Andropogon  scoparius,  Liatris  squar- 
rosa,  Spiranthes  tuber osa  and  Lespedeza  hirta.  (August  18,  1989  Homoya  and  Abrell 
89-08-18-127). 

Pachy sandra  procumbens  Michx.  Harrison  and  Crawford  Counties.  Allegheny 
spurge,  heretofore  thought  to  occur  no  closer  to  Indiana  than  east-central  Kentucky, 
was  discovered  at  two  sites  in  the  Shawnee  Hills  Natural  Region.  At  one  site  in  Crawford 
County  thousands  of  plants  carpet  a  steep,  south-facing  slope  above  a  tributary  to  Little 
Blue  River.  At  the  Harrison  County  site,  a  smaller  population  of  a  few  hundred  stems 
occurs  on  limestone  talus  at  the  base  of  a  massive  slope  bordering  the  Blue  River.  Both 
sites  are  extremely  rugged  and  distant  from  roads,  thus  possibly  explaining  the  lack  of 
previous  collections  of  this  conspicuous  plant.  (HARRISON  COUNTY:  June  28,  1989 
Hedge  and  Homoya  89-06-28-86;  CRAWFORD  COUNTY:  August  17,  1989  Homoya, 
Abrell,  and  Olson  89-08-17-1 14). 

Poly  gala  incarnata  L.  Harrison  County.  Dozens  of  plants  of  the  pink  milkwort 
were  found  in  a  disturbed  chert  barrens  north  of  Cory  don.  The  plants  were  growing  in 
full  sun  with  Andropogon  scoparius,  Danthonia  spicata,  and  Trichostema  dichotomum. 
(June  28,  1989  Homoya  and  Hedge  89-06-28-80). 

Ranunculus  harveyi  (Gray)  Britt.  Floyd  County.  Several  populations  of  this  but- 
tercup occur  on  the  upper  slopes  of  the  dry,  chestnut  oak- Virginia  pine  dominated  hills 
of  the  Knobstone  Escarpment.  This  species  appears  to  be  well  established,  as  populations 
are  now  known  from  sites  scattered' over  at  least  a  ten  mile  section  of  the  Escarpment. 
The  nearest  known  populations  of  this  Ozark  species  are  in  the  Shawnee  Hills  of  Southern 
Illinois.  (April  19,  1988  Homoya  and  Martin  88-04-19-4). 

Sanicula  smallii  Bickn.  Crawford,  Harrison  and  Perry  Counties.  This  snakeroot  of 
southeastern  U.S.  affinities  was  discovered  growing  in  three  separate  localities,  one 
each  for  the  above  referenced  counties.  At  each  locality  only  a  few  plants  were  found, 
these  growing  at  sites  composed  of  dry-mesic  upland  forest.  (CRAWFORD  COUNTY: 
May  3 1 ,  1 989  Hedge  and  Homoya  89-05-3 1  -06;  HARRISON  COUNTY:  May  3 1 ,  1 989 
Hedge  and  Homoya  89-05-3 1  -07;  PERRY  COUNTY:  June  29,  1 989  Homoya  and  Hedge 
89-06-29-89). 

Senecio  smallii  Britt.  Harrison  County.  This  species  was  found  in  several  sites 
throughout  the  south-central  and  southeastern  parts  of  the  county.  The  most  common 
habitats  are  old  fields  and  remnant  chert  barrens.  The  lack  of  earlier  reports  of  this 
species,  and  the  conspicuous  occurrence  of  it  today,  suggest  that  our  populations  may 
be  part  of  a  recent  range  expansion  phenomenon.  (June  1,  1989  Homoya,  Hedge,  and 
Abrell  89-06-01-23). 
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Setaria  geniculata  (Lam.)  Beauv.  Perry  County.  This  native,  perennial  foxtail  grass 
was  collected  from  a  grassy  hillside  next  to  SR  70  just  east  of  the  SR  70-SR  37 
intersection.  The  grass  was  growing  with  Andropogon  scoparius,  Lobelia  puberula,  and 
Lespedeza  virginica.  (September  26,  1989  Homoya,  Ballantyne,  and  Landes  89-09-26- 
192). 

Spiranthes  ochroleuca  (Ryd.)  Rydberg.  Bartholomew  and  Brown  counties.  Because 
of  the  taxonomic  uncertainties  regarding  this  species,  Deam  (1940)  excluded  it  from 
the  state  flora.  The  uncertainties  remained  until  Sheviak  and  Catling  (1980)  convincingly 
argued  for  treatment  of  the  taxon  as  a  valid  species.  We  found  the  species,  as  it  is  now 
understood,  occurring  on  dry,  rocky  roadcuts  and  old  fields  dominated  by  little  bluestem. 
(BARTHOLOMEW  COUNTY:  October  12,  1988  Homoya  and  Hedge  88-10-12-120; 
not  vouchered  by  us  for  Brown  County). 

SPECIES  NEW  TO  SOUTHERN  INDIANA 

Epipactis  helleborine  (L.)  Crantz.  Crawford  County.  Previous  collections  of  this 
exotic  orchid  all  came  from  the  northern  tier  of  counties,  particularly  those  bordering 
Lake  Michigan.  We  observed  a  single  individual  growing  on  a  narrow  terrace  of  lime- 
stone boulders  high  on  a  steep  bluff  overlooking  the  Ohio  River.  The  orchid's  occurrence 
was  not  totally  unexpected,  as  recent  collections  have  been  made  near  Louisville,  KY 
(Marc  Evans,  personal  communication).  (June  9,  1989  Homoya  et  al.  89-06-09-46). 

Hieraceum  pratense  Tausch.  Jennings  County.  Several  plants  of  this  exotic  hawk- 
weed  were  noted  growing  within  a  utility  line  rights-of-way  near  the  town  of  Vernon 
(June  6,  1989  Homoya,  Hedge,  and  LeB lane  89-06-06-35). 

SPECIES  RARELY  OBSERVED  IN  SOUTHERN  INDIANA 

Aconitum  uneinatum  L.  Perry  County.  The  discovery  of  this  plant  in  Indiana  is  the 
first  since  1842  when  Short  collected  it  from  a  barrens  in  Harrison  County  (Deam, 
1940).  Approximately  30  plants  were  found  growing  in  the  edge  of  a  forest  opening 
within  the  Hoosier  National  Forest.  At  least  five  of  the  plants  were  growing  in  full  sun 
in  the  opening,  but  these  were  obviously  stressed.  Those  growing  in  partial  shade  were 
much  more  vigorous.  The  associates  of  the  monkshood  indicate  that  the  site  is  a  barrens 
natural  community,  although  the  actual  natural  condition  of  the  site  is  difficult  to 
determine  due  to  past  human  activities.  The  occurrence  of  Aconitum  in  barrens  habitat 
is  very  unusual;  in  the  rest  of  its  range  it  occupies  mesic  cliffs  and  stream  corridors. 
However,  the  occurrence  of  this  population  and  the  historic  one  in  Harrison  County  in 
barrens  suggest  that  the  Indiana  plants  may  be  an  ecotype  different  from  those  in  the 
rest  of  the  species'  range.  (September  21 ,  1989  Olson  and  Earney  s.n.\  September  26, 
1989  Homoya,  Olson,  Landes  and  Ballantyne  89-09-26-194). 

Agalinis fasciculata  (Ell.)  Raf.  Perry  County.  First  reported  for  Indiana  (in  Spencer 
County)  by  McClain  (1984),  this  species  of  false  foxglove  is  now  also  known  from 
Perry  County.  We  observed  numerous  individuals  of  the  Agalinis  growing  in  an  old 
field  dominated  by  little  bluestem,  next  to  SR  70  west  of  Derby.  (September  8,  1989 
Hedge  and  Homoya  89-09-08-165). 
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Agalinis  gattingeri  (Small)  Small.  Perry,  Crawford,  and  Harrison  Counties.  This 
species  of  false  foxglove  was  previously  thought  to  be  rare  in  Indiana,  but  our  obser- 
vations prove  it  to  be  rather  common  in  xeric  grassland  habitats  in  the  above  referenced 
counties.  It  evidently  prefers  acidic  soils  and  ample  sunlight  at  sites  dominated  by 
Andropogon  scoparius  and  Danthonia  spicata.  (PERRY  COUNTY:  September  7,  1989 
Homoya  and  Hedge  89-09-07-160;  CRAWFORD  COUNTY:  September  1 1 ,  1989  Hedge 
and  Homoya  89-09-1 1-167;  HARRISON  COUNTY:  September  11,  1989  Homoya  and 
Hedge  89-09-11-169). 

Arabis  patens  Sulliv.  Harrison  County.  This  state-endangered  rockcress  was  found 
in  great  numbers  along  a  line  of  dry  limestone  cliffs  bordering  the  Blue  River.  Previous 
to  this  discovery  only  one  extant  population  was  known.  (June  28,  1989  Homoya  and 
Hedge  89-06-28-88). 

Eupatorium  incarnatum  Walt.  Perry  and  Harrison  Counties.  Two  populations,  both 
apparently  ones  collected  from  and  cited  by  Deam  (1940),  were  relocated  in  the  above 
referenced  counties.  Both  populations  were  growing  in  moist  depressions  along  road- 
ways. (PERRY  COUNTY:  September  16,  1989  Olson  s.n.;  HARRISON  COUNTY: 
October  26,  1989  Homoya  and  Hedge  89-10-26-205). 

Helianthus  occidentalis  Riddell.  Harrison  County.  Although  not  uncommon  in  the 
prairies  of  northwestern  Indiana,  this  sunflower  is  rare  in  the  southern  counties.  Only 
three  counties  have  documented  occurrences  and  it  is  suspected  that  those  populations 
are  no  longer  extant.  We  discovered  a  large  population  in  a  remnant  chert  barrens 
southeast  of  Cory  don.  (August  18,  1989  Homoya  and  Abrell  89-08-18-132). 

Jussiaea  decurrens  (Walt.)  DC.  Perry  County.  This  wetland  plant  was  collected 
at  two  different  localities  in  the  county,  both  very  near  the  Ohio  River.  The  species 
was  thought  to  be  extirpated  prior  to  these  discoveries.  (September  18,  1989  Olson  s.n.; 
October  3,  1989  Hedge  and  Homoya  89-10-03-198). 

Ligusticum  canadense  (L.)  Britt.  Harrison  County.  This  large  umbel  was  listed  as 
extirpated  in  Indiana,  but  a  population  of  approximately  ten  plants  was  found  near  the 
historic  collection  site  east  of  Elizabeth  that  is  cited  by  Deam  (1940).  (June  1,  1989 
Hedge,  Abrell,  and  Homoya  89-06-0125). 

Liparis  loeselii  (L.)  Rich.  Jackson  County.  Several  plants  of  this  mostly  northern 
orchid  were  found  growing  in  a  seep  spring  on  the  Muscatatuck  National  Wildlife 
Refuge.  (August  4,  1989  Homoya  89-08-04-125). 

Malaxis  unifolia  Michx.  Monroe  County.  Approximately  30  plants  of  Malaxis  were 
found  growing  on  mossy  slopes  within  steep  ravines  at  Morgan-Monroe  State  Forest. 
Prior  to  our  discovery,  the  last  southern  Indiana  collections  of  this  tiny  orchid  were 
made  over  100  years  ago  by  W.S.  Blatchley  (1897).  (June  16,  1989  Homoya,  Hedge, 
Breedlove,  and  Bull  —  photo  voucher). 

Polytaenia  nuttallii  DC.  Harrison  County.  Several  sterile  and  two  fertile  individuals 
of  this  rare  umbel  were  observed  growing  in  a  dry  woodland  bordering  a  limestone 
glade  in  Harrison-Crawford  State  Forest.  This  is  the  first  collection  of  this  species  in 
the  state  (outside  of  northwestern  Indiana)  since  the  collection  by  Clapp  (from  Harrison 
County)  in  the  early  1800's  (Deam,  1940).  (June  9,  1989  Homoya  and  Hedge  89-06- 
09-50). 
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Prenanthes  aspera  Michx.  Perry  County.  Two  separate  populations  of  rough  white 
lettuce  were  found  growing  in  barrens  habitats  on  the  Hoosier  National  Forest.  Both 
populations  were  small,  consisting  of  no  more  than  three  plants  at  each  site.  (September 
27,  1988  and  October  3,  1989  Homoya  and  Hedge  —  not  vouchered). 

Solidago  hispida  Muhl.  Bartholomew  and  Perry  Counties.  This  goldenrod  may  be 
more  common  than  previously  thought,  as  we  observed  it  at  several  stations  within  the 
above  counties.  In  every  case  Solidago  hispida  was  growing  in  dry,  oak  woodland  with 
S.  bicolor.  (BARTHOLOMEW  COUNTY:  October  12,  1988  Homoya  and  Hedge  88- 
10-12-122;  PERRY  COUNTY:  October  4,  1989  Homoya  and  Hedge  89-10-04-204). 

Solidago  speciosa  Nutt.  Harrison  County.  A  group  of  approximately  ten  plants 
was  found  growing  in  a  barrens  remnant  southeast  of  the  town  of  Central  Barren.  The 
species  occurs  primarily  in  the  northern  third  of  the  state.  (September  28,  1989  Homoya 
andMcGrath  89-09-28-195). 

Spiranthes  lucida  (H.H.  Eaton)  Ames.  Jennings  County.  We  found  15-20  individ- 
uals of  this  ladies' -tresses  orchid  growing  on  wet  limestone  shelves  bordering  a  tributary 
to  the  Vernon  Fork  of  the  Muscatatuck  River.  This  interesting  habitat  is  apparently 
similar  to  that  at  a  site  where  Deam  (1940)  found  the  orchid  along  the  Vernon  Fork. 
(June  6,  1989  Homoya,  Hedge,  and  LeB lane — not  vouchered). 
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THE  LABORS  OF  HERCULES 
OR  THE  PATIENCE  OF  PENELOPE? 
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Ernest  E.  Campaigne,  in  his  Presidential 
Address  of  1986  titled  "Quo  Vadis  or  If  No- 
body Does  Anything,  Nothing  Will  Be 
Done,,,  presented  the  members  of  the  Indiana 
Academy  of  Science  with  a  series  of  questions . 
What  has  happened  since  that  time?  Have  the 
members  of  the  Academy  performed  labors 
worthy  of  Hercules  —  or  have  they  waited 
with  great  patience  for  the  answers  to  be  pro- 
vided by  others?  Answers  to  Dr.  Campaigned 
questions  have  provided  new  questions.  These 
new  questions  focus  on  the  needs  and  status 
of  science  education  in  the  United  States  and 
especially  in  Indiana.  Once  again,  the  Acad- 
emy is  challenged,  "Quo  Vadis?" 

Hercules  was  the  son  of  Jupiter  and  a 
mortal  woman;  consequently,  in  a  fit  of  rage 
and  in  order  to  punish  Hercules,  Juno  (the  wife 
of  Jupiter)  arranged  for  Hercules  to  perform 
twelve  nearly  impossible  labors.  In  the  1986 
presidential  address,  Ernest  E.  Campaigne 
asked,  "Quo  Vadis?"  In  this  address,  he 
stated  that  ".  .  .the  Indiana  Academy  of  Sci- 
ence should  strive  to  enlarge  its  role  in  the 
transfer  of  knowledge. ' '  He  continued  by  rais- 
ing some  questions  which  he  indicated  needed  answers.  Dr.  Campaigned  clear-sighted 
assessment  of  Academy  concerns  has  guided  the  Academy  thinking  for  several  years; 
I  relate  his  challenges  to  the  labors  of  Hercules. 

The  Proceedings  were  the  focus  of  Dr.  Campaigne' s  first  questions.  He  suggested 
advantages  and  disadvantages  of  publishing  the  abstracts  before  the  annual  fall  meeting 
and  the  establishment  of  a  quarterly  publication  rather  than  the  current  annual  tome. 

The  abstracts  were  first  published  before  the  meeting  in  1986.  Since  that  time,  the 
Program  and  Abstracts  booklet  has  enabled  each  member  of  the  Academy  to  review 
the  topics  of  the  presentations  and  to  select  those  most  interesting  before  attending  the 
meeting.  The  preparation  of  this  publication  has  added  greatly  to  the  responsibilities  of 
the  local  program  committee. 


Charlotte  M.  Boener 
President  IAS,  1989 

This  paper  was  presented  at  the  1989 
Fall  Meeting  of  the  Academy  as  the 
"Presidential  Address." 
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Following  careful  consideration  by  the  appropriate  committees,  another  of 
Dr.Campaigne's  recommendations  will  be  implemented;  1990  will  be  the  year  the 
Academy  will  change  to  a  quarterly  publication  of  research  papers. 

The  second  issue  discussed  by  President  Campaigne  was  the  frequency  of  the 
Newsletter.  A  period  of  more  than  one  year,  beginning  shortly  after  the  1987  fall  meeting, 
intervened  between  issues  of  the  Newsletter.  However,  during  this  past  year,  the  News- 
letter has  evolved,  under  the  editorship  of  Gene  Kritsky,  as  a  valuable  communication 
vehicle.  The  Newsletter  is  attractive,  timely,  and  an  important  means  of  permitting  the 
membership  to  be  apprised  of  the  status  of  the  Academy.  At  this  time,  the  Newsletter 
is  published  four  times  a  year,  providing  information  at  strategic  times.  President  Cam- 
paigne suggested  publication  six  times  a  year;  however,  currently,  this  is  not  possible. 

President  Campaigne  suggested  that  the  annual  meetings  needed  improvement. 
Since  1986,  one  major  change  has  occurred;  the  Symposia  have  been  scheduled  at  other 
dates  in  centralized  locations.  The  Symposia  have  been  planned  by  the  Science  and 
Society  Committee;  topics  of  interest  to  several  Academy  sections  and  to  the  general 
public  have  been  presented. 

The  costs  of  the  regular  meetings  have  risen  annually  —  in  part,  due  to  publication 
and  distribution  of  the  Program  and  Abstracts  booklet  and  also,  due  to  inflationary 
increases.  The  fall  registration  fee  has  remained  unchanged  for  years;  perhaps  this  fee 
should  be  increased  soon  to  help  defray  the  rising  costs  of  this  meeting. 

The  Invitations  Committee  has  been  very  active  this  year.  Meeting  sites  have  been 
identified  for  the  next  three  years.  Quite  recently,  with  the  advice  of  the  Executive 
Committee,  I  established  an  ad  hoc  Programs  and  Invitations  Committee;  this  committee 
consists  of  a  group  of  individuals  who  have  served  as  local  program  chairs  and/or 
members  of  the  Invitations  Committee.  The  purpose  of  this  committee  is  to  provide 
experienced  advice,  as  needed,  to  Local  Program  Committees  and  to  perform  the  func- 
tions of  the  Invitations  Committee. 

Recruitment  of  new  professional  scientist  and  corporate  members  is  proceeding 
slowly;  patience  and  persistence  are  the  answer.  This  year  a  public  relations  firm  has 
begun  the  slow  process  of  making  the  Indiana  Academy  of  Science  more  widely  known. 
As  part  of  this  effort,  each  member  of  the  Academy  and  all  members  of  the  General 
Assembly  have  received  Science  Notes.  The  Academy  was  honored  by  a  proclamation 
from  Governor  Bayh  declaring  the  week  of  November  6,  1989,  "Indiana  Academy  of 
Science  Week." 

President  Campaigne  identified  a  need  for  a  headquarters  office,  centrally  located, 
near  state  government  offices.  He  also  suggested  that  an  Executive  Secretary  is  a 
necessity. 

This  year  the  Academy  has  arranged  for  Donald  Winslow  to  assume  the  office  of 
Executive  Liaison  Officer.  As  with  any  new  endeavor,  the  functions  of  this  office  are 
evolving  slowly;  however,  there  has  been  improvement  in  some  services  of  the  Academy 
which  may  not  yet  be  obvious  to  the  members,  but  have  already  been  valuable  to  the 
Executive  Committee  and  the  committee  chairs. 

Patience  is  the  word  which  must  be  applied  to  the  problem  of  establishment  of  a 
central  office.  President-elect  Wendell  McBurney  has  been  busy  working  with  an  ad 
hoc  committee  investigating  this  project.  Unlike  Penelope,  who  waited  20  years  for  her 
husband  Ulysses  to  return  from  the  Trojan  War,  the  Academy  should  receive  definitive 
news  about  the  establishment  of  a  central  office  in  1990. 
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"Can  we  do  more  in  the  field  of  science  education?"  asked  President  Campaigne. 
The  Constitution  of  the  Academy  clearly  states  that  one  of  the  objectives  of  the  Academy 
is  to  improve  education  in  the  sciences.  President  Campaigne  noted  that  "Our  Youth 
Activities  Committee  is  one  of  the  most  important  committees  of  the  Academy.  They 
are  doing  a  good  job  under  difficult  circumstances."  I  concur  with  this  opinion.  The 
directors  and  advisory  committees  of  the  various  activities  —  whether  the  Indiana  Science 
Talent  Search,  the  Indiana  Science  Fairs,  the  Indiana  Junior  Academy  of  Science, 
Science  Research  Grants,  or  the  Science  Olympiad  —  are  responsible  for  planning  and 
implementing  specific  programs  and  for  soliciting  funds  to  augment  the  monies  provided 
by  the  Academy  treasury. 

Planning  each  Youth  Activities  program  is  a  big  job.  Teachers  must  be  contacted, 
student  projects  must  be  solicited,  local  arrangements  must  be  made,  and  volunteers  to 
judge  the  student  efforts  must  be  found.  The  size  of  the  effort  depends  upon  the  number 
of  students  involved.  Last  March  when  I  attended  the  Science  Olympiad,  nearly  100 
teachers,  parents,  and  college  students  were  involved  in  the  operation  of  the  program. 
That  is  a  large  number  of  volunteers! 

When  the  need  for  obtaining  funds  is  added  to  the  aforementioned  responsibilities, 
the  Academy  places  an  almost  impossible  task  on  the  event  director.  Further,  this  creates 
another  problem  —  directors  of  these  activities  must  seek  funds  in  the  name  of  the 
Academy.  Thus,  many  people  contact  business  and  industry  for  money  in  the  name  of 
the  Academy;  this  is  an  unfortunate  situation!  The  Academy  must  consider  the  possibility 
of  assuming  the  total  expense  of  a  youth  activity.  In  all  probability,  this  will  necessitate 
the  establishment  of  a  Youth  Activities  Fund  —  a  fund  which  will  relieve  the  directors 
of  the  various  youth  activities  of  the  onerous  task  of  fund  raising. 

As  the  first  Academy  president  representing  the  Science  Education  Section,  I  have 
become  aware  of  the  many  concerns  and  opinions  of  Academy  members  regarding 
instruction  in  science.  What  are  these  concerns? 

1.  Students  are  not  motivated  to  study  science;  thus,  few  students  pursue  science 
as  a  career. 

2.  Students  entering  college  are  poorly  prepared  in  science,  pre-college  science 
curricula  are  not  appropriate,  and  pre-college  students  are  not  receiving  adequate 
instruction  in  science. 

I  have  become  very  concerned  about  the  status  of  science  education  as  perceived 
by  the  public  and  by  scientists.  It  is  generally  accepted  that  science  and  science  education 
professionals  have  two  tasks:  1 )  replacing  and  augmenting  the  number  of  science  pro- 
fessionals and  2)  preparing  teachers  who  will  endeavor  to  produce  a  scientifically  literate 
citizenry. 

Historically,  in  the  United  States,  the  British  were  the  source  of  irritation;  a  rev- 
olution resulted.  Then  in  order,  Americans  vented  their  frustrations  on  the  Indians,  the 
Irish,  the  Catholics,  the  Jews,  and  now  —  the  educators,  or  more  specifically  the 
teachers?  Does  this  statement  shock  you?  I  hope  it  does!  I  want  your  attention!  Pre- 
college  education  has  become  the  new  "scapegoat."  Teachers  have  become  the  new 
"whipping  boys."  I  am  afraid  that  "Teacher  Bashing"  may  become  the  new  number 
one  sport. 

In  order  to  discuss  this  dilemma,  I  felt  that  I  needed  to  consult  data  regarding 
students  and  science  curricula.  In  this  effort,  I  was  assisted  by  Mrs.  Anna  R.  Carson, 
Assistant  Director,  University  Testing  Office,  Indiana  State  University,  Terre  Haute. 
(She  collected  an  inordinate  amount  of  data  for  the  nation,  but  was  not  able  to  obtain 
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Table  1.  High  School  Graduates— 1986  to  2004 


Year 

National  Count 

%  of  1986 

Indiana  Count 

%of  1986 

1986 

2,650,442 

10.0% 

65,230 

100.0% 

1987 

2,695,102 

101.7% 

67,752 

103.9% 

1988 

2,768,189 

104.4% 

69,936 

107.2% 

1989 

2,732,584 

103.1% 

70,136 

107.5% 

1990 

2,594,438 

97.9% 

67,281 

103.1% 

1991 

2,474,032 

93.3% 

63,746 

97.7% 

1992 

2,441,054 

92.1% 

61,219 

93.9% 

1993 

2,449,905 

92.4% 

61,500 

94.3% 

1994 

2,445,829 

92.3% 

59,753 

91.6% 

1995 

2,548,139 

96.1% 

61,534 

94.3% 

1996 

2,580,565 

97.4% 

62,017 

95.1% 

1997 

2,673,180 

100.9% 

62,262 

95.4% 

1998 

2,777,149 

104.8% 

64,444 

98.8% 

1999 

2,786,228 

105.1% 

61,676 

94.6% 

2000 

2,823,928 

106.5% 

61,124 

93.7% 

2001 

2,790,373 

105.3% 

58,855 

90.2% 

2002 

2,823,872 

106.5% 

58,205 

89.2% 

2003 

2,905,226 

109.6% 

58,966 

90.4% 

2004 

2,912,094 

109.9% 

57,757 

88.5% 

Source:  High  School  Graduates:  Projections  by  State,  I9H6  to  2004.  Western  Interstate  Commission  for  Higher 
Education,  The  College  Board  and  Teachers  Insurance  and  Annuity  Association,  1988. 


data  for  Indiana  in  many  instances.  Most  of  the  available  data  relate  to  education  in 
general,  not  to  science  or  science  education.  Where  possible,  the  data  for  Indiana  in 
the  same  year  are  also  included.)  As  a  result  of  her  assistance,  I  have  developed  an 
"information  overload."  If  I  were  a  computer  disk,  I  probably  would  crash. 

PRE-COLLEGE  STUDENTS  — 
WHAT  ARE  SOME  OF  THE  PERTINENT  FACTS? 

The  following  table  (Table  1 )  and  graph  (Figure  1 )  for  the  number  of  high  school 
graduates  are  based  on  current  data  and  predictors  which  seem  valid  up  through  the 
year  2004;  the  number  of  Indiana  graduates  is  compared  with  similarly  predicted  data 
for  the  entire  United  States.  Until  the  year  1998,  the  graph  representing  the  number  of 
Indiana  graduates  parallels  that  of  the  United  States;  by  the  year  2004,  the  graph 
representing  the  predicted  number  of  graduates  for  Indiana  as  compared  to  that  for  the 
United  States  will  have  plunged. 

Figure  2  shows  the  percent  of  projected  change  in  the  number  of  high  school 
graduates,  by  state,  over  the  next  decade.  Indiana,  like  other  farming  and  industrialized 
states,  will  experience  a  decrease  in  percent  of  graduates. 

A  report  from  the  Office  of  Technology  Assessment  (OTA)  suggests,  "All  scientists 
and  engineers  were  once  children.  Families,  communities,  and  the  ideas  and  images 
presented  by  books,  magazines,  and  television  helped  form  their  attitudes,  encouraged 
their  interests,  and  guided  them  to  their  careers."  Figure  3  compares  the  educational 
attainment  of  adults  in  Indiana  with  the  attainment  of  adults  in  the  United  States  in 
1987.  Although  the  percentage  of  high  school  graduates  in  Indiana  exceeds  that  in  the 
United  States,  the  percentage  of  those  Indiana  adult  residents  having  experienced  college 
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UNITED   STATES   25  AND  OLDER   (1980) 
Highest  Educational  Attainment 


College  grad 


Some  college  (15.7%) 


H.S.  (33.5%) 


H.S.  grad  (34.6%) 


INDIANA  RESIDENTS   25  AND  OLDER   (1930) 
Highest  Educational  Attainment 


College  grad  (12,5%) 


Some  college  (1 2. 1  %) 


<H.S.  <133,$%) 


H.S.  grad  (41.8%) 


Figure  3 
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falls  short  of  the  national  level.  The  OTA  report  also  indicated,  "Schools  refined  their 
[the  children's]  talents  and  interests,  prepared  them  academically,  and  gave  them  con- 
fidence by  recognizing  their  aptitude  and  achievement." 

The  Office  of  Technology  Assessment  report,  in  comparing  the  numbers  of  students 
entering  science  and  engineering  careers,  has  visualized  these  career  pathways  as  a 
pipeline.  The  report  continues,  "The  science  and  engineering  talent  pool  is  not  fixed 
either  in  elementary  or  in  secondary  school.  .  .  .  Students  enter  the  pipeline  as  early 
as  third  grade,  ....  Few,  it  is  generally  thought,  enter  the  pipeline  after  junior  high 
school.  In  fact,  students'  intentions  remain  volatile  until  well  past  high  school  with 
substantial  numbers  entering  the  pipeline  (by  choosing  science  and  engineering  majors) 
by  their  sophomore  year  of  college.  Many  late  entrants  are  relatively  ill  prepared,  .  .  .  ." 
Figure  4  provides  a  comparison,  by  state,  of  the  percentage  of  the  adult  populations 
with  four  or  more  years  of  college  experience  in  1980.  It  seems  evident  that  in  1980, 
Indiana  was  not  far  different  from  other  states. 

Figure  5  provides  the  Indiana  data  related  to  the  number  of  high  school  graduates 
for  1987.  Figure  6  presents  the  percentage  of  high  school  dropouts,  by  state,  in  1987. 
In  recent  years,  the  number  of  dropouts  who  earned  a  GED  has  increased.  These 
individuals  may  constitute  a  significant  portion  of  a  college  student  body,  many  of  them 
full-time  students.  Throughout  the  nation,  the  percentage  of  first-time  college  students, 
enrolled  in  their  home  states  in  1986,  is  high  (Figure  7).  Moreover,  in  1987,  in  many 
states  including  Indiana,  more  than  half  of  the  college  students  were  enrolled  full-time 
(Figure  8). 

Figures  9,  10,  and  1 1  indicate  the  data  for  percentage  change  in  college  enrollment 
for  the  previous  decade,  the  share  of  the  total  college  enrollments  for  each  state,  and 
the  number  of  colleges  and  universities  in  each  state.  A  brief  review  of  these  data  clearly 
shows  that  Indiana  has  had  an  increase  in  the  percentage  of  college  enrollments  in  the 
78  institutions  of  higher  education.  In  1987,  the  population  of  Indiana  was  approximately 
2.3%  of  the  total  population  of  the  United  States;  thus,  the  state's  2%  share  of  college 
enrollment  in  1987,  does  not  seem  to  indicate  an  exceptionally  disproportionate  share. 

The  Office  of  Technology  Assessment  noted,  "To  the  Committee  (the  President's 
Science  Advisory  Committee),  enhancing  our  manpower  supply  is  primarily  a  matter 
of  quality  not  quantity,  not  a  matter  of  diverting  more  college  students  to  science  and 
engineering,  but  of  providing  for  more  students  who  have  chosen  this  career  route  the 
opportunity  to  continue  their  studies."  The  report  continued,  "Males  and  females  appear 
to  differ  strongly  in  their  interest  in  highly  quantitative  sciences."  However,  "There  is 
no  evidence  that  the  rate  of  learning  of  mathematics  by  males  and  females  is  different" 
and  "...  women  and  some  racial  and  ethnic  minorities  .  .  .  represent  a  large  reservoir 
of  untapped  talent." 

The  OTA  stressed  that  the  "in-migrants"  to  science  and  engineering  majors  have 
taken  fewer  mathematics  and  science  courses  and  stated  that  the  challenge  of  preparing 
future  scientists  and  engineers  is  a  willingness  to  bring  new  entrants  to  the  pipeline  "up 
to  speed."  The  report  continued,  "If  schools  were  more  generous  in  identifying  talent, 
and  urged  college-preparatory  mathematics  and  science  courses  on  more  students  .  .  . 
both  the  size  and  quality  of  the  talent  pool  would  be  improved." 

Bill  Aldridge,  Executive  Director  of  the  National  Science  Teachers  Association, 
in  the  report  "Essential  Changes  in  Secondary  School  Science:  Scope,  Sequence,  and 
Coordination"  indicated  that  the  number  of  persons  entering  scientific  and  engineering 
careers  is,  at  present,  about  five  percent  of  all  students.  He  continued  that  the  recent 
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trend  by  states  in  raising  science  and  mathematics  requirements  for  graduation  from 
high  school  has  created  severe  problems  for  both  teachers  and  students.  "In  some  cases 
the  two-  or  three-course  science  requirement  is  sparking  creative  responses,  as  schools 
add  new  courses  and  use  old  courses  in  other  areas  as  substitutes.  The  latter  include 
vocational-technical  courses  and  health  or  nutrition  courses.  In  other  instances,  when 
faced  with  taking  biology,  chemistry,  and  physics,  many  students  simply  drop  out, 
further  increasing  our  tragically  high  national  dropout  rate  of  almost  30  percent." 

Hans  Andersen,  President  of  the  National  Science  Teachers  Association  at  a  meeting 
on  October  31 ,  1989,  quoted  a  U.S.  Department  of  Labor  report  which  stated  that  80% 
of  the  scientists  and  engineers  in  1989  are  white  males;  but,  it  is  predicted  that  merely 
15%  of  the  individuals  entering  science  and  technology  professions  between  1985  and 
2000  will  be  white  males.  All  reports  seem  to  indicate  that  in  the  year  2000  women 
and  minority  individuals  will  be  the  source  of  new  scientists.  Figure  12  provides  data 
concerning  the  relative  numbers  of  men  and  women  graduating  with  degrees  in  the 
sciences.  The  increasing  difference  between  the  sexes  in  attaining  more  advanced  degrees 
is  obvious.  Furthermore,  the  differences  between  numbers  of  degrees  earned  in  the  life 
sciences  and  the  physical  sciences  denote  the  preference  of  females  for  the  life  sciences. 

The  OTA  continued  the  analysis  by  observing  that  expectations  among  high  school 
sophomores  is  always  higher  than  reality.  ".  .  .  as  high  school  sophomores  entering 
the  pipeline  in  1980,  nearly  one-quarter  of  students  were  interested  in  natural  science 
and  engineering  majors.  As  seniors,  almost  as  many  were  still  interested  in  these  majors 
although  their  field  preferences  had  shifted  somewhat.  Two  years  later,  15  percent  of 
the  original  group  of  students  were  in  college  and  planning  science  or  engineering 
majors.  .  .  .  Only  20  percent  of  this  15  percent  indicated  science  and  engineering  majors 
at  all  three  time  points  in  this  survey.  ...  In  all  field  categories  except  engineering, 
more  students  moved  in  than  persisted/ ' 

The  OTA  continued,  "These  are  some  current  trends:  A  continued  drop  in  the 
number  of  minority  high  school  graduates  who  enter  college  ....  A  continuing  increase 
in  the  size  of  the  Black  middle  class,  whose  children  enroll  in  higher  education  at  about 
the  same  rate  as  do  the  children  of  White  middle-class  families.  Continuing  high  dropout 
rates  for  Hispanics.  .  .  .  The  participation  of  females,  Blacks,  and  Hispanics  in  science 
and  engineering  has  increased  substantially  during  the  last  30  years,  but  is  still  small 
relative  to  their  numbers  in  the  general  population.' '  Other  sources  suggest  that  the 
Black  population  tends  to  choose  the  armed  forces  or  sports  as  the  pathway  to  success 
and  that  the  increase  in  minority  enrollments  in  colleges  and  universities  rests  primarily 
with  foreign  and  Hispanic  students.  Other  sources  state  that  the  largest  increase  in 
individuals  entering  the  science  and  engineering  pipeline  is  in  the  number  of  females. 

Tables  2  and  3  compare  the  data  for  college  enrollment  numbers  between  minority 
and  all  students  for  the  years  1976  and  1986.  Figure  13  depicts  these  comparisons. 
Similarly,  Figures  14  and  15  indicate  the  specifics  of  the  minority  group  for  the  same 
years.  An  inspection  of  these  bar  graphs  clearly  shows  that  foreign,  Hispanic,  and  Asian 
students  are  mainly  responsible  for  the  increase  in  minority  college  enrollments.  Indiana 
is  one  of  the  states  having  a  low  percentage  of  minority  college  students  in  1986. 

Non-traditional  students  (aged  23  and  over,  attending  full  time,  or  not  yet  23,  but 
attending  part  time)  are  becoming  an  increasing  factor  in  college  education.  Individuals 
who  have  dropped  out  of  school  before  graduation  are  obtaining  a  high  school  equiv- 
alency certificate  which  enables  entrance  into  colleges  and  universities.  The  Bloomington 
Herald-Times  on  November  4,    1989,   reported  that  Indiana  University's  President 
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Table  2.  Minority  College  Enrollments— 1976  and  1986 


1976 


1986 


%  increase 
1976-1986 


American  Indian 

Asian 

Black 

Hispanic 

Foreign 

Minority 


,910,000 


76,000 

90,000 

198,000 

448,000 

1,033,000 

1 ,08 1 ,000 

384,000 

624,000 

219,000 

344,000 

2,587,000 

18.4% 

126.3% 

s4.6% 

62.5% 
57.1% 

35.4% 


Table  3.  Total  College  Enrollments— 1976  and  1986 


Minority 
White 

Total 


%  increase 

1976 

1986 

1976-1986 

1,910,000 

2,587,000 

35.4% 

9.076,000 

9,914,000 

9.2% 

10,986,000 

12,501,000 

13.8% 

Source:  U.S.  Department  of  Education 


Thomas  Ehrlich  identified  these  students  as  the  "New  Majority.1 '  President  Ehrlich 
noted  that  females  accounted  for  most  of  the  growth  in  this  kind  of  enrollment  and  said, 
"They  are  consumers  who  demand  quality  teaching." 

Data  on  the  percentage  of  high  school  graduates  provide  information  that  more 
high  school  students  took  science  courses  in  1987  than  in  1982.  Further,  the  percentage 
who  enrolled  in  biology  courses  far  exceeded  the  percentage  in  chemistry  or  physics. 
(See  Figure  16.)  Although  included  in  the  data  for  high  school  graduates,  it  is  noteworthy 
that  the  percentage  of  minority  (Black,  Hispanic,  and  Asian)  students  enrolled  in  biology, 
chemistry,  and  physics  increased  in  a  similar  manner  from  1982  to  1987.  (See  Table  4.) 

A  review  of  the  Indiana  Statewide  Testing  for  Educational  Progress  (ISTEP)  pro- 
gram quotes  Superintendent  of  Public  Instruction  H.  Dean  Evans  in  part,  "...  while 
American  students  may  have  knowledge  of  science  facts,  they  lack  the  problem-solving 
skills  and  strategies  to  use  them  productively.  These  results  emphasize  the  often-heard 
call  for  more  hands-on/minds-on  learning  experiences  that  focus  on  the  applications  of 
science  to  personal  needs  and  social  issues." 

The  report  also  asserts,  "The  results  of  the  science  question  asked  on  ISTEP 
indicated  that,  generally  speaking,  only  slightly  more  than  half  of  the  students  at  any 
grade  level  demonstrate  proficiency  in  the  higher  order  skills,  such  as  interpreting  data 
to  make  predictions  and  draw  conclusions;  analyzing  systems  for  cause  and  effect 
relationships;  and  applying  scientific  principles  and  theories  and  laws  to  personal  needs 
and  social  issues." 

The  State  of  Indiana  has  published  "Indiana's  Science  Education  Challenge  for 
the  Twenty-first  Century."  This  document  delineates  the  Indiana  goals  for  students.  On 
October  3 1 ,  1989,  the  Department  of  Education  organized  a  committee  to  begin  a  review 
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MINORITY  COLLEGE  ENROLLMENTS 
1976 


Minority  (17.4%) 


White  (22.6%) 


MINORITY  COLLEGE  ENROLLMENTS 
1986 


White  (79.5%) 


Minority  (20,7%) 


Figure  13 
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Table  4.  Percentage  of  High  School  Graduates  Who  Took  Selected  Science  Courses, 
by  Race/Ethnicity,  1982  and  1987 


White 

Black 

Hispanic 

Asian 

1982  Graduates 

Biology 

77.3 

70.9 

67.2 

82.2 

Chemistry 

34.2 

20.5 

15.4 

51.4 

Physics 

16.0 

6.9 

5.6 

33.8 

1987  Graduates 

Biology 

91.0 

84.7 

85.9 

93.3 

Chemistry 

48.0 

30.3 

31.8 

72.3 

Physics 

21.1 

10.6 

11.2 

50.0 

Source:  NSTA  Reports'.  National  Science  Teachers  Association,  September/October  1989. 


and,  if  needed,  a  revision  of  the  state  science  proficiencies.  Several  members  of  the 
Indiana  Academy  of  Science  are  serving  on  this  committee. 

SCIENCE  CURRICULUM  —  WHAT  ARE  THE  TRENDS? 

When  I  began  teaching,  I  was  told  that  total  science  knowledge  was  doubling  every 
nine  years;  a  few  years  later  this  was  changed  to  every  seven  years.  I  can  not  attest  to 
the  accuracy  of  this  claim  (it  seemed  to  be  common  knowledge)  but  I  feel  sure  that  the 
rate  at  which  total  science  knowledge  increases  has  greatly  accelerated  with  the  advent 
of  computer  management  of  data.  Often,  teachers  are  expected  to  teach  more  and  more 
—  to  incorporate  additional  topics  (such  as  AIDS,  nutrition,  drug  abuse)  into  the  in- 
structional day  with  no  attempt  to  identify  topics  that  can  be  omitted  from  the  curriculum. 

The  Office  of  Technology  Assessment  stated,  "It  is  widely  believed  by  college 
educators  that  the  quality  of  high  school  students  who  are  planning  science  and  engi- 
neering majors  may  be  declining  compared  to  their  predecessors.  While  this  belief  has 
probably  been  held  by  all  teachers  who  try  to  transmit  knowledge  to  their  juniors,  there 
is  little  evidence  to  support  it." 

Hans  Andersen  reported  that  the  Governors'  conference  on  education  has  mandated 
that  a  list  of  proficiencies  be  prepared  and  published  by  early  1990  —  perhaps  as  early 
as  January.  In  essence,  this  will  be  a  national  curriculum.  It  might  have  an  important 
impact  since  politicians  control  the  purse  strings,  and  money  determines  what  happens 
when. 

The  American  Association  for  the  Advancement  of  Science  (AAAS)  started  a 
curriculum  revision  effort  in  1986  —  the  year  that  Halley's  Comet  arrived.  The  title  of 
this  project  is  "Project  2061:  Science  for  All  Americans.1 '  (It  is  named  for  the  year  of 
the  next  advent  of  Halley's  Comet  —  in  recognition  of  the  need  to  change  the  thinking 
of  science  teachers  and  the  public  and  in  realization  that  change  occurs  slowly.) 

The  first  three  years  of  Project  2061  has  been  spent  in  defining  the  accepted  national 
goal  of  scientific  literacy  for  all.  The  Project  started  by  defining  "...  a  conceptual 
base  for  reform  by  spelling  out  the  knowledge,  skills,  and  attitudes  all  students  should 
acquire  as  a  consequence  of  their  total  school  experience  from  kindergarten  through 
high  school.  ...  A  fundamental  premise  of  Project  2061  is  that  the  schools  do  not  need 
to  be  asked  to  teach  more  and  more,  but  to  teach  less  so  that  it  can  be  taught  better." 
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One  difference  in  the  curriculum,  according  to  AAAS  is  ".  .  .  that  boundaries 
between  traditional  subject  matter  categories  are  softened  and  connections  are  empha- 
sized. Transformations  of  energy,  for  example,  occur  in  physical,  biological,  and  tech- 
nological systems,  and  evolutionary  change  appears  in  stars,  organisms,  and  societies." 

This  report  continued,  "A  second  difference  is  that  the  amount  of  detail  that  students 
are  expected  to  retain  is  considerably  less  than  in  traditional  science,  mathematics,  and 
technology  courses.  Ideas  and  thinking  skills  are  emphasized  at  the  expense  of  specialized 
vocabulary  and  memorized  procedures." 

"The  subject  matter  investigated  and  techniques  used  within  the  various  sciences 
change  with  the  time  and  the  development  of  new  instruments,  and  the  boundaries  of 
scientific  disciplines  are  constantly  shifting.  Even  so,  the  general  attributes  of  scientific 
inquiry  persist.  Descriptive,  experimental,  and  historical  approaches  are  used,  depending 
on  the  phenomena  being  studied  and  the  tools  at  hand.  However,  the  approaches  are 
all  alike  in  their  demand  for  evidence,  their  use  of  testable  hypotheses  and  logical 
reasoning,  their  search  for  explanatory  and  productive  theories,  and  their  efforts  to 
identify  and  avoid  unscientific  guessing." 

The  AAAS  Science  for  All  Americans  curriculum  project,  "...  does  not  advocate, 
however,  that  all  students  need  to  gain  detailed  knowledge  of  the  scientific  disciplines 
...  the  report  recommends  that  students  develop  a  set  of  cogent  views  of  the 
world.  ..." 

"To  ensure  the  scientific  literacy  of  all  students,  the  curricula  must  be  changed  to 
reduce  the  sheer  amount  of  material  covered;  to  weaken  or  eliminate  rigid  disciplinary 
boundaries;  to  pay  more  attention  to  the  connections  among  science,  mathematics,  and 
technology;  to  present  the  scientific  endeavor  as  a  social  enterprise  that  influences  — 
and  is  influenced  by  —  human  thought  and  action;  and  to  foster  scientific  ways  of 
thinking,"  continued  the  report  by  AAAS. 

"This  includes  starting  with  questions  about  phenomena  rather  than  with  answers 
to  be  learned;  engaging  students  actively  in  the  use  of  hypotheses;  the  collection  and 
use  of  evidence,  and  the  design  of  investigations  and  processes;  providing  students  with 
hands-on  experience  with  mechanical,  electronic,  and  optical  tools;  placing  a  premium 
on  students'  curiosity  and  creativity;  and  frequently  using  a  student  team  approach  to 
learning." 

Will  this  curriculum  really  provide  opportunities  for  The  Forgotten  Half:  Non- 
College  Youth  in  America? 

Aldridge  noted  a  suggestion  that  the  National  Science  Foundation  (NSF)  support 
an  educational  model  that  will  bring  a  larger  population  into  science  careers,  thus 
"broadening  the  pool"  rather  than  "skimming  the  cream." 

Aldridge  stated,  "Recent  NSF  studies,  as  well  as  most  other  major  reports,  urge 
us  to  focus  on  science  education  for  the  general  public."  Later  in  the  report  he  noted 
that  in  elementary  schools  children  study  science  mainly  by  reading  about  it,  in  junior 
high  schools  children  study  earth/space  science,  physical  science,  and  biology;  and  in 
secondary  schools,  children  study  one  or  all  of  biology,  chemistry,  and  physics;  as- 
tronomy, geology,  earth  science,  and  advanced  science  courses  are  not  studied. 

Aldrich  states  that  the  NSTA  is  proposing  a  six  year  revised  curriculum  for  grades 
7  through  12.  The  revision  would  incorporate  increased  time  spent  on  instruction  and 
study  of  the  four  areas  of  science  (biology,  chemistry,  physics,  and  earth/space  science) 
in  progressive  steps  depending  on  the  course  content  —  for  example,  grade  10,  de- 
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scriptive,  phenomenological;  grade  11,  empirical,  semi-abstract;  and  grade  12,  theo- 
retical, abstract. 

Will  this  curriculum  be  suited  to  The  Forgotten  Half:  Non-College  Youth  in  Amer- 
ica? 
Teachers  —  What  must  be  done? 

Regardless  of  curriculum  innovations,  teachers  are  the  heart  and  soul  of  the  edu- 
cational process.  Teachers  often  are  accused  of  all  sorts  of  faults  without  receiving  any 
recognition  for  all  the  good  teaching  which  is  done. 

Something  forgotten  by  most  critics  of  pre-college  education  is  that  all  children, 
regardless  of  desire  for  learning  or  intellectual  ability,  are  taught  by  dedicated  teachers. 
Many  of  these  dedicated  teachers  teach  "The  Forgotten  Half."  Who  are  "The  Forgotten 
Half1?  These  are  the  high  school  drop-outs  and  the  high  school  graduates  who  do  not 
attend  college. 

Does  the  Indiana  Academy  of  Science  have  any  responsibility  to  provide  encour- 
agement rather  than  doubt  and  distrust?  How  can  the  Academy  discourage  "Teacher 
Bashing?"  Does  the  Indiana  Academy  of  Science  have  any  responsibility  to  provide 
support  and  cooperation?  How  can  the  Academy  help  science  teachers  to  an  even  greater 
degree  than  in  the  past? 

In  summary,  the  members  of  the  Academy  have  completed  many  "Labors  of 
Hercules"  while  working  to  improve  and  yet  have  displayed  the  "Patience  of  Penelope" 
when  changes  occur  slowly.  I  encourage  the  members  of  the  Academy  to  display  these 
same  characteristics  as  the  problems  of  science  teachers  are  considered. 

I  wish  to  thank  all  of  the  members  of  the  Academy,  the  committees,  and  the  chairs 
of  the  various  sections  for  their  participation  in  the  Academy  programs.  In  addition,  I 
thank  you  for  listening  to  my  plea  for  improving  science  education  for  all  people.  Again, 
I  ask  the  Indiana  Academy  of  Science,  "Quo  vadis?" 
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HYDRA  AND  PLANARIA  CULTURE:  PRACTICAL 
APPLICATIONS  FOR  TEACHERS 

Dorothy  A.  Jones 

Department  of  Biology 

Saint  Joseph's  College 

Rensselaer,  Indiana  47978 

ABSTRACT:  Increased  public  pressure  for  biology  lab  procedures  that  avoid  unnecessary  use  of 
vertebrate  material  provides  a  stimulus  for  expanding  student  and  teacher  awareness  of  invertebrates 
as  systems  for  the  study  of  life  processes.  Hydra  and  planaria,  long  familiar  to  biologists  for  both 
research  and  teaching  purposes,  can  easily  be  maintained  live  in  a  classroom  situation  over  a  period 
of  several  weeks  to  months  and  used  in  a  variety  of  ways  to  encourage  middle  school  and  high 
school  student  research  projects.  Lab  culture  of  both  these  organisms  is  cheap  and  requires  only 
a  few  minutes  a  day. 


INTRODUCTION 

The  Office  of  Technology  Assessment  of  the  Congress  of  the  United  States  (OTA) 
has  recommended  that  alternatives  to  the  use  of  animals  be  sought  in  the  areas  of 
biomedical  and  behavioral  research,  toxicity  testing,  and  education  in  the  life  sciences. 
Furthermore,  the  OTA  has  defined  animals  as  "nonhuman  vertebrates:  mammals,  birds, 
reptiles,  amphibians,  and  fish,1'  (Gibbons,  1986).  Increased  study  of  life  processes  in 
invertebrates  seems  to  be  indicated.  This  article  summarizes  techniques  developed  for 
inexpensive  and  relatively  foolproof  longterm  culture  of  two  aquatic  invertebrates,  hydra 
and  planaria.  Both  animals  are  widely  used  in  research  and  teaching.  Both  are  widely 
known  for  their  regenerative  powers.  Both  are  easily  obtained  through  biological  supply 
houses  or  by  field  collecting.  It  is  assumed  that  the  reader  is  at  least  casually  acquainted 
with  these  organisms.  If  that  is  not  the  case,  please  refer  to  any  invertebrate  zoology 
text  (eg.,  Pearse,  Buchsbaum  et  al.,  1987). 

HYDRA  CULTURE 

A  basic  requirement  in  culturing  hydra  is  that  the  containers  be  totally  free  of 
detergent.  To  ensure  that  this  is  the  case,  use  disposable  plastic  Petri  dishes  for  working 
with  very  small  numbers  of  hydra.  Newly  purchased  transparent  Pyrex  cake  dishes  are 
ideal  for  larger  cultures.  I  have  used  8"  x  8"  x  2"  size.  To  keep  dust  off,  heavy  duty 
aluminum  foil  may  be  folded  into  a  cover  that  is  easily  labeled  with  a  permanent  marker. 
This  is  what  I  recommend  for  cultures  kept  by  elementary  school  and  middle  school 
students.  Hydra  do  well  in  water  1.5  to  2  centimeters  deep.  (With  this  amount  of  water 
there  is  little  loss  from  spilling  when  the  dishes  are  moved  around.)  The  foil  cover 
should  be  folded  in  such  a  way  as  to  stay  up  out  of  the  water.  Hydra  are  sensitive  to 
metal  ions.  For  high  school  and  college  student  mass  cultures,  glass  plate  covers  are 
more  satisfactory.  9"  x  9"  x  9"  plates  with  ground  edges  are  available  through  Carolina 
Biological  Supply,  or  can  be  cut  to  order  by  a  glazier. 

Hydra  tolerate  a  broad  temperature  range.  They  do  well  at  temperatures  between 
10  and  25  degrees  Centigrade  (about  50-80  degrees  Fahrenheit),  but  like  most  organisms, 
are  more  sensitive  to  sudden  temperature  changes  than  to  gradual  ones. 
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Hydra  are  aquatic,  and  need  good  culture  water.  They  do  well  in  freshwater  aquaria, 
sometimes  well  enough  to  achieve  pest  status.  I  have  collected  local  Hydra  littoralis 
from  the  Iroquois  River  that  runs  through  Rensselaer  and  have  grown  other  hydra  in 
river  water,  with  success. 

Recycled  plastic  gallon  milk  bottles,  rinsed  out  a  few  times  with  tap  water,  make 
cheap  detergent-free  water  collecting  and  storage  bottles.  River  water  can  be  filtered 
by  passing  it  through  a  detergent-free  (i.e.,  purchased  for  this  use)  plastic  kitchen  funnel 
containing  a  wad  of  polyester  aquarium  filter  fuzz.  I  set  the  funnel  in  the  neck  of  a 
recycled  2  liter  plastic  pop  bottle.  When  the  filtrate  fills  the  bottle,  an  aquarium  pump 
and  plastic  air  line  tube  are  used  to  bubble  air  through  it  for  a  few  hours.  Discard  the 
wad  of  filter  fuzz  after  it  has  been  used  and  rinse  the  funnel  with  tap  water.  After 
thoroughly  aerating  a  bottle  of  filtered  river  water,  screw  on  its  own  cap,  label  it  with 
laboratory  marker,  and  store  for  use  when  needed.  As  the  bottles  begin  to  accumulate 
scale  that  precipitates  out  of  the  river  water,  I  simply  discard  them  and  use  new  ones. 
The  scale  isn't  harmful  to  the  hydra,  but  it's  messy.  It  chips  off  the  inside  of  the  bottle 
and  forms  flakes  in  the  culture  dishes,  making  it  hard  to  see  the  animals. 

River  water  is  usually  satisfactory  for  growing  hydra,  but  it  may  show  wide  pH 
swings.  My  readings  on  aerated  Iroquois  River  water  ranged  from  pH  6.7  to  8.5  over 
a  period  of  several  months.  Howard  Lenhoff's  book,  Hydra:  Research  Methods,  (1983) 
recommends  several  artificially  prepared  solutions  for  growing  hydra.  I  chose  "M" 
solution,  in  which  sodium  and  calcium  ions  are  at  a  final  concentration  of  103  M, 
magnesium  and  potassium  ions  are  at  a  final  concentration  of  104  M,  and  the  whole 
solution  is  buffered  to  pH  7.6. 

Modified  "M"  solution  may  be  prepared  according  to  the  following  procedure, 
shared  with  me  in  1 989  by  Dr.  Joann  Otto  of  Purdue  University  Department  of  Biological 
Sciences. 

For  2  Liters  of  4X  Stock  "M": 


4.0  mL 

2M  NaCl 

0.4  mL 

2M  KC1 

0.8  mL 

1M  MgCL 

8.0  mL 

lMCaCL 

16.0  mL 

0.5M  Tris 

(Tris-HCl  buffer,  pH  8) 

Bring  volume  to  2L  with  distilled  water  and  adjust  pH  to  7.6  with  HC1.  Keep 
4X  Stock  refrigerated,  as  Tris  buffer  is  not  stable  for  long  periods  at  room 
temperatures. 

For  1  L  of  "M"  solution,  use  250  mL  4X  Stock  tcM"  and  750  mL  distilled 
water.  Deionized  glass  distilled  water  is  preferred,  but  any  glass  distilled  water 
will  serve  the  purpose,  including  the  bottled  distilled  water  that  is  sold  in 
pharmacies  and  grocery  stores. 

Lenhoff  (1983)  has  written  about  the  importance  of  chemically  pure  distilled  water 
in  hydra  culture.  I  found  that  both  bottled  Shurfine  brand  distilled  water  and  our  ordinary 
laboratory  distilled  water  serve  well  as  a  basis  for  "M"  solution.  The  distillation  should 
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have  been  done  in  a  glass-lined  system,  not  in  a  copper  tubing  still.  I  haven't  used  any 
ion  exchange  column  treatment,  although  both  Lenhoff  (1983)  and  Otto  (1989)  rec- 
ommend it.  Ion  exchange  cartridges  need  constant  replacement,  if  they  are  operating 
directly  on  tap  water,  as  would  be  necessary  with  the  distillation  apparatus  available  to 
me. 

Lenhoff  reports  that  water  prepared  through  a  process  of  reverse  osmosis  is  also 
satisfactory  as  a  basis  for  "M"  solution  (Lenhoff,  1983).  Culligan  company  purifies 
water  that  way,  but  then  some  ions  are  put  back  in,  to  get  a  good  drinking  water  taste. 
I  have  tried  to  find  out  which  ions  are  put  in,  and  to  what  molar  concentrations,  but 
have  not  been  able  to  obtain  that  information.  Shurfine  was  the  only  brand  of  bottled 
distilled  water  for  which  I  was  able  to  get  a  detailed  water  analysis,  though  I  sent  letters 
of  inquiry  to  several  companies. 

I  routinely  aerate  the  "M"  solution.  Hydra  littoralis  (North  American  common 
brown  hydra)  seem  to  do  better  in  aerated  water.  This  is  not  surprising  for  a  species 
that  normally  inhabits  streams  and  creek  beds.  Recycled  seltzer  bottles  can  be  used  for 
aerated  "M"  solution.  One  10  ounce  seltzer  bottle  is  usually  enough  for  an  8"  square 
culture  dish  water  change.  Several  hundred  hydra  may  easily  grow  in  one  8"  x  8"  x  2" 
culture  dish,  if  the  water  is  changed  daily.  I  maintain  fewer  hydra  per  dish,  and  need 
fewer  changes. 

Libby  Hyman  (1939)  and  Whitten  and  Pendergrass  (1980)  have  recommended  that 
hydra  be  fed  Daphnia,  but  then  the  Daphnia  culture  has  to  be  fed,  as  well.  I  prefer  to 
use  Artemia  nauplii,  baby  brine  shrimp.  Artemia  cysts  can  be  purchased  by  the  can  or 
vial  from  aquarium  supply  stores  under  the  name  "Brine  Shrimp  Eggs'1.  If  kept  dry, 
the  cysts  are  stable  at  room  temperatures  for  months. 

"Instant  Ocean",  or  any  other  brand  of  artificial  sea  water  is  best  for  hatching 
Artemia.  It  can  be  made  up  with  tap  water  by  the  gallon,  once  again  in  recycled  milk 
bottles.  I  found  artificial  sea  water  far  more  reliable  than  the  alternative  rock  salt/epsom 
salt  saline  recommended  in  the  culture  guide  issued  by  the  supplier  (San  Francisco  Bay 
Brand,  Inc.,  1987). 

Using  artificial  sea  salt  mix  in  tap  water  with  constant  aeration,  I  found  no  need 
for  constant  illumination  of  the  hatchery  box  during  the  48  hour  hatching  period,  even 
though  such  illumination  is  recommended  by  the  San  Francisco  Bay  Brand,  Inc.  Artemia 
culture  guide.  Ordinary  diurnally  variable  laboratory  lighting  served  the  purpose.  I  have 
not  tried  hatching  brine  shrimp  in  conditions  of  total  darkness. 

To  obtain  Artemia  nauplii,  fill  a  brine  shrimp  hatchery  box  (San  Francisco  Bay 
Brand  Company's  "Shrimpery  Brine  Shrimp  Hatcher")  to  within  an  inch  or  so  of  the 
top  with  artificial  sea  water  and  tape  an  aquarium  plastic  tubing  line  to  the  inside  of 
the  box  so  that  the  solution  can  be  continually  aerated.  Turn  on  the  air  pump.  When 
air  is  bubbling  through  the  water,  sprinkle  Artemia  cysts  on  the  surface.  A  really  good 
hatch  can  be  reliably  obtained  from  a  quarter  teaspoon  of  cysts,  but  fewer  can  be  used. 

Forty-eight  hours  or  so  later,  the  hatchery  box  will  be  teeming  with  nauplii.  Detach 
the  aquarium  tubing  and  move  the  box  to  a  place  beneath  a  bright  light  or  near  a  sunny 
window.  Fill  the  transparent  hatchery  cylinder  vial  with  aerated  river  water  or  "M" 
solution,  cap  it,  and  invert  it  over  the  hatchery  box,  fitting  it  to  the  space  provided. 
The  nauplii,  attracted  to  the  light,  will  swim  up  into  the  cylinder,  rinsing  themselves 
free  of  excess  salt.  After  15  to  30  minutes,  a  crowd  of  nauplii  will  have  collected  in 
the  vial.  Remove  the  vial  from  the  hatchery  box.  Take  off  the  cover  and  use  a  Pasteur 
pipette  to  dispense  the  baby  brine  shrimp  to  the  hydra.  By  means  of  a  such  a  pipette, 
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the  hydra  may  be  fed  individually  and  feeding  behavior  may  be  observed  using  a 
dissecting  microscope,  or  large  numbers  of  nauplii  may  transferred  to  the  hydra  culture 
for  mass  feeding.  For  mass  feedings  alone,  an  ordinary  medicine  dropper  will  suffice. 
Artemia  nauplii  will  remain  active  in  fresh  water  for  a  few  hours,  long  enough  for  the 
hydra  to  find  them,  whether  they  are  hand  fed  or  not. 

Four  to  six  hours  after  feeding,  hydra  need  a  water  change.  To  accomplish  mass 
culture  changes,  pour  off  the  "M"  solution  or  river  water  from  the  hydra  dish  into  a 
quart  size  transparent  Pyrex  measuring  cup  or  bowl.  Swirl  the  cup,  spinning  the  hydra 
toward  the  center.  As  they  settle,  rinse  the  cake  dish  with  fresh  aerated  "M"  solution 
or  river  water,  and  add  the  rinse  water  to  the  cup.  Many  hydra  may  remain  attached  to 
the  cake  dish.  For  a  simple  water  change,  these  are  left  undisturbed  and  fresh  "M" 
solution  or  aerated  river  water  is  poured  onto  them.  The  hydra  in  the  measuring  cup 
are  then  pipetted  up  and  squirted  back  into  the  dish,  too. 

Individual  Petri  dish  water  changes  require  that  the  hydra  not  be  lost  as  the  water 
is  poured  off.  The  animals  may  be  saved  by  being  temporarily  pipetted  into  the  dish 
lid,  or  the  entire  contents  of  each  dish  may  routinely  be  transferred  to  a  6-ounce  Pyrex 
custard  cup,  from  which  the  hydra  may  then  be  returned  to  the  Petri  dish. 

It's  easier  to  see  the  hydra  over  a  dark  background.  If  the  lab  table  where  I'm 
changing  the  animals  isn't  black,  I  use  a  sheet  of  black  construction  paper.  This  method 
is  cheap,  but  messy  when  wet,  so  I  wipe  the  bottom  of  the  cups  or  dishes  dry  before 
placing  them  on  a  paper  background. 

A  hydra  colony  can  be  fed  as  often  as  daily  or  as  seldom  as  weekly,  depending 
on  the  rate  of  colony  growth  desired.  The  more  often  a  colony  is  fed,  the  more  rapid 
its  growth  rate  will  be.  Colonies  grow  exponentially  at  room  temperature  with  daily 
feeding  and  good  care.  The  rate  of  budding  reflects  the  rate  of  mitotic  cell  division, 
which  depends  on  temperature,  pH,  ion  concentrations,  and  oxygen  and  carbon  dioxide 
concentrations.  Mitotic  rate  is  also  sensitive  to  a  wide  variety  of  metabolic  inhibitors 
(Lenhoff,  1983). 

Hydra  secrete  mucous  and  leave  small  blobs  of  undigested  material  on  the  culture 
dish  bottom,  so  it  is  necessary  to  change  the  Petri  dishes  or  completely  clean  each  large 
colony  dish  at  least  once  a  week.  For  large  cultures,  use  your  bare  fingers  to  rub  the 
hydra  free  of  the  dish  bottom,  then  pour  them  off  into  the  measuring  cup  and  swirl  it. 
While  the  hydra  settle  out  of  the  old  water,  run  hot  tap  water  into  the  culture  dish  and 
rub  a  clean  paper  towel  or  your  hand  all  around  the  bottom  and  sides  of  the  dish  until 
the  slimy  mucous  is  gone.  Rinse  with  cool  tap  water  to  bring  the  dish  temperature  back 
to  normal,  add  fresh  "M"  solution  or  aerated  filtered  river  water,  and  replace  the  hydra. 

The  Artemia  Shrimpery  box  also  needs  to  be  kept  clean.  As  soon  as  the  fresh  water 
cylinder  vial  has  been  removed  from  it,  run  hot  tap  water  into  the  box  to  thoroughly 
rinse  it  out.  Use  a  clean  paper  towel  to  wipe  any  scum  from  the  sides  and  floor  of  the 
Shrimpery.  Rinse  again  and  allow  to  air  dry  thoroughly,  if  the  corners  of  the  box 
accumulate  scum,  scrape  it  out  carefully  with  a  paper  towel  wrapped  around  a  clean 
formalin-free  and  detergent-free  skewer,  dissecting  needle,  or  forceps. 

Using  the  methods  and  simple  equipment  described,  I've  maintained  a  colony  of 
brown  hydra  (Hydra  littoralis)  in  the  Biology  Department  at  Saint  Joseph's  College  for 
ten  months.  During  that  time  the  room  temperature  was  as  low  as  17  and  as  high  as  29 
degrees  centigrade.  Some  animals  were  kept  several  months  in  a  cool  box  at  11  to,  15 
degrees  Centigrade.  At  this  cooler  temperature  they  survived  a  two- week  period  of 
starvation  and  a  week  with  no  water  changes  while  I  was  away  on  vacation. 


Vol.  99  (1990)  Indiana  Academy  of  Science  103 


There  has  been  no  sign  of  sexual  reproduction  in  any  of  my  cultures  of  hydra,  to 
date.  I  have  made  no  attempt  to  induce  it,  although  there  are  references  in  the  scientific 
literature  to  techniques  for  doing  so  (Lenhoff,  1983). 

I've  successfully  used  hydra  regeneration  exercises  with  Saint  Joseph's  College 
Introductory  Biology  students  and  introduced  both  hydra  and  planaria  to  a  delighted 
eighth  grade  advanced  science  class  and  also  to  third,  fourth  and  fifth  grade  science 
classes  at  Saint  Augustine  Elementary  School.  The  children  in  the  elementary  school 
were  not  only  enthusiastically  receptive  to  what  they  learned,  but  also  capable  of  sur- 
prisingly sophisticated  scientific  concept  formation  and  retention.  Furthermore,  they 
were  careful  in  their  handling  of  the  expensive  dissecting  microscopes  made  available 
to  them  for  the  study  of  small  invertebrates. 

There  is  a  wide  variety  of  currently  active  research  programs  that  center  around 
these  animals.  To  obtain  the  sample  hydra  bibliography  which  I  have  prepared  in  the 
course  of  this  investigation,  send  me  your  name  and  address  and  two  dollars  for  postage 
and  copy  costs.  If  you  prefer,  send  a  5.5"  double-sided,  double  density  floppy  disk, 
plus  two  dollars  for  postage.  I  will  be  copying  to  it  from  MSDOS,  version  3.2  system, 
Norton  Textra  Writer,  version  2.0,  using  an  IBM  compatible  PC. 

PLANARIA  CULTURE 

Planaria  culture  is  simpler  than  hydra  culture  in  some  respects,  more  difficult  in 
others.  These  aquatic  fresh  water  animals,  like  hydra,  also  seem  to  require  detergent 
free  dishes.  I  have  successfully  grown  them  in  the  same  cake  dishes  that  I  use  for  the 
hydra,  using  the  same  covers.  Planaria,  unlike  hydra,  are  negatively  phototropic.  That 
is,  they  prefer  darkness  to  light.  I  have  kept  them  on  low  shelves  in  dim  room  light 
with  success. 

Another  way  in  which  planaria  differ  from  hydra  is  that  they  are  not  as  able  to 
withstand  warm  temperatures.  They  do  best  at  temperatures  below  20  degrees  Centi- 
grade, although  they  tolerate  a  few  degrees  higher. 

Planaria,  like  hydra,  are  predaceous,  and  will  eat  one  another  if  they  get  hungry, 
but  brown  planaria  (Dugesia  tigrinum  and  Dugesia  dorotocephala)  thrive  on  a  diet  of 
raw  beef  liver.  The  most  practical  way  to  maintain  a  steady  supply  of  liver  for  a  planarian 
colony  is  to  buy  a  package  of  fresh-sliced  beef  liver  and  cut  it  into  tiny  cubes  (approx. 
0.5  cm  square)  with  a  single-edged  razor  blade.  Depending  on  how  many  planaria  are 
to  be  fed  at  a  time,  one,  two,  or  three  cubes  of  beef  liver  can  be  wrapped  in  small 
squares  of  plastic  wrap,  folded  with  other  such  packets  into  a  plastic  sandwich  bag,  and 
quick  frozen.  Several  months'  supply  of  liver  is  then  easily  stored  in  a  condition  ready 
for  quick  use. 

When  it  is  time  to  feed  the  planaria,  remove  a  packet  of  liver  from  the  freezer, 
warm  it  in  the  hand  for  a  few  moments,  and  unwrap  the  liver  cubes.  Drop  one  into 
each  dish  of  planaria  and  leave  it.  After  a  few  moments,  the  planaria  will  be  attracted 
to  the  liver,  swim  over,  and  begin  feeding.  After  two  to  four  hours,  remove  the  liver. 
If  some  planaria  are  still  on  it,  gently  rub  them  off.  The  liver  must  be  removed  from 
the  dish  before  it  fouls  the  water.  The  planaria  should  have  a  water  change  at  this  time. 

To  change  the  water,  I  use  a  technique  similar  to  that  described  for  the  hydra.  Pour 
the  old  water  off  into  a  quart  measuring  cup.  The  planaria  do  not  need  to  be  swirled. 
They  will  tend  to  settle  or  even  to  adhere  to  the  cup.  Any  that  are  floating  can  be 
induced  to  settle  by  merely  touching  them.  After  the  culture  dish  water  has  been  changed. 
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carefully  pour  off  most  of  the  water  from  the  cup  and  wipe,  swirl,  or  push  the  planaria 
into  the  culture  dish.  I  use  my  bare  fingers  to  wipe  any  stragglers  out  of  the  cup. 

Planaria  continually  secrete  a  mucous  film  on  which  they  glide.  Culture  dishes 
must  be  thoroughly  cleaned  for  planaria  at  least  twice,  maybe  three  times  a  week, 
depending  on  how  crowded  the  dishes  are,  and  regardless  of  how  often  the  animals 
have  been  fed.  To  clean  the  dishes,  use  hot  tap  water  and  your  bare  hand  or  a  clean 
paper  towel  for  rubbing  away  the  mucous.  As  described  for  cleaning  hydra  dishes,  rinse 
with  cool  tap  water  and  add  fresh  aerated  filtered  river  water  to  a  depth  of  1.5  to  2 
centimeters  before  replacing  the  planaria. 

I  have  kept  brown  planaria  successfully  for  ten  months  in  aerated  Iroquois  River 
water.  I  collected  some  of  these  animals  from  the  river  last  summer  and  maintained 
them  easily,  noting  that  they  increased  asexually  by  fission  pinching  off  pieces  of  their 
tails  after  being  fed  long  enough  to  achieve  a  certain  size.  These  tail  pieces  then  grow 
new  heads,  and  the  parent  piece  regenerates  a  tail  within  a  matter  of  several  days. 
Certain  varieties  of  Dugesia  have  long  been  known  to  exhibit  this  curious  behavior, 
whereas  other  planarians  do  not  (Pennak,  1978,  and  Kurabachi  and  Kishida,  1988). 

In  species  that  also  reproduce  sexually,  fission  is  less  common  at  the  time  of  egg 
production.  It  is  best  observed  by  school  classes  in  the  fall  term.  Planaria  obtained 
February  through  April  (in  the  Northern  Hemisphere)  are  likely  to  lay  eggs.  Children 
in  the  Van  Rensselaer  Elementary  School  third  grade  in  Rensselaer,  Indiana,  were  thrilled 
in  February,  1990,  to  observe  tiny  planaria  hatching  from  some  eggs  laid  in  their 
classroom  cultures.  Young  planaria  are  predaceous  from  the  time  of  hatching.  I  have 
seen  them  attack  and  consume  as  many  as  four  or  five  Artemia  nauplii  per  feeding, 
when  the  planaria  themselves  were  not  much  wider  than  the  shrimp. 

Ann  Feil,  a  Saint  Joseph's  College  student,  tried  culturing  planaria  in  both  aerated 
"M"  solution  and  in  aerated  water  from  Lake  Banet,  a  natural  reservoir  on  the  Saint 
Joseph's  College  campus  that  has  been  developed  from  a  sand  and  gravel  pit.  It  appeared 
from  her  work  (1990)  that  planaria  do  better  in  "M"  solution  or  in  5%  Instant  Ocean, 
when  tested  for  their  regenerative  capacity,  but  further  study  is  needed  for  definitive 
results. 

I  have  maintained  a  small  number  of  white  planaria  (Procotyla  fluviatilis)  for  a  ten 
month  period  in  aerated  Iroquois  River  water.  These  animals  do  not  regenerate,  as  the 
brown  ones  freely  do.  They  are  exclusively  predaceous,  ignoring  raw  liver  when  it  is 
offered  to  them.  White  planaria  do  well  on  a  diet  of  baby  brine  shrimp,  however,  and 
also  will  eat  hydra.  Since  they  did  not  reproduce  asexually  as  freely  as  the  hydra  and 
the  brown  planaria,  the  number  of  white  planaria  has  dwindled  over  the  months.  I  gave 
several  away  to  some  eager  eighth  grade  science  students,  and  was  left  with  only  two 
for  the  entire  summer  and  fall.  One  lived  for  ten  months. 

I  purchased  several  hundred  brown  planaria  from  Carolina  Biological  Supply  Com- 
pany recently,  for  work  with  local  elementary  school  children.  It  has  been  necessary  to 
keep  about  a  hundred  animals  in  each  8"  x  8"  x  2"  culture  dish  for  a  period  of  a  few 
weeks.  They  have  shown  no  ill  effects,  except  that  when  they  first  arrived,  a  few  climbed 
above  the  water  level  and  dried  out.  Also,  when  they  were  not  fed  twice  a  week,  they 
began  eating  each  other.  With  regular  feeding,  they  began  reproducing  by  fission,  as 
described  above.  Regular  water  changes  and  dish  cleaning  have  been  absolutely  nec- 
essary. 

Individual  planaria  may  be  moved  around  using  widemouth  medicine  droppers. 
They  adhere  to  glass,  but  may  be  loosened  by  rapidly  squirting  water  in  and  out  of  the 


Vol.  99  (1990)  Indiana  Academy  of  Science  105 


dropper  at  them,  or  by  directing  a  stream  of  air  through  an  aquarium  air  line  into  the 
culture.  It's  best  to  work  fast.  The  tiny  regenerating  tail  end  pieces  are  particularly 
sticky  and  can  easily  get  caught  inside  the  dropper.  Another  way  to  manipulate  planaria 
is  by  picking  them  up  on  the  bristles  of  a  new  watercolor  paint  brush.  Even  very  cheap 
brushes  work  well. 

A  current  bibliography  for  planaria  can  be  obtained  by  sending  me  your  name  and 
address  and  two  dollars  for  postage  and  copy  costs.  If  you  prefer  to  send  a  floppy  disk, 
the  specifications  are  the  same  as  for  the  hydra  bibliography. 
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ABSTRACT:  Soil  cation  exchange  capacity  (CEC)  is  a  measure  of  the  cations  adsorbed  on  negative 
sites  of  solid  soil  particles.  It  is  important  in  determining  the  ability  of  a  soil  to  retain  nutrient 
cations  and  to  prevent  them  from  getting  into  surface  water  and  groundwater.  Thus,  to  properly 
manage  soils,  we  must  know  their  CEC.  It  has  been  determined  for  many  soils,  but  not  for  many 
others.  The  objective  of  this  study  was  to  summarize  the  relationships  of  CEC  to  clay  and  organic 
matter  contents,  which  are  more  commonly  determined,  so  that  these  relationships  can  be  used  to 
predict  CEC  for  soils  with  no  CEC  data.  On  average  for  all  soils  of  the  state,  100  grams  of  clay 
contributes  59  me  CEC  and  100  grams  of  organic  matter  contributes  208  me  CEC  measured  at 
pH  8.2.  This  CEC  is  about  15%  higher  than  CEC  measured  at  pH  7.0.  Soil  pH  can  be  used  to 
predict  base  saturation  with  moderate  accuracy.  CEC  can  also  be  predicted  from  soil  texture  and 
Munsell  color  designation  which  can  be  estimated  in  the  field  and  which  are  recorded  in  many 
soil  pedon  descriptions. 


INTRODUCTION 

The  cation  exchange  capacity  (CEC)  of  a  soil  is  a  measure  of  the  cation  charge 
that  can  be  desorbed  from  a  soil  at  a  given  pH.  It  arises  from  an  excess  of  negative 
charges  at  the  surfaces  of  solid  particles  in  the  soil.  Solid-particle  surfaces  develop 
electrical  charges  in  two  principal  ways:  from  isomorphic  substitutions  among  ions  of 
differing  valence  in  soil  minerals,  and  from  the  reactions  of  surface  functional  groups 
with  ions  in  the  soil  solution.  The  kind  of  isomorphic  substitution  important  in  clay 
minerals  is  the  substitution  of  a  cation  with  lower  positive  charge  (e.  g.,  Al3  +  )  for  a 
similar  size  ion  with  higher  charge  (Si4+).  This  substitution  results  in  permanent  struc- 
tural charge  (Sposito,  1989)  that  is  not  affected  by  the  pH  of  the  soil. 

Some  charge  is  less  permanent  and  is  called  net  proton  charge  (Sposito,  1989).  It 
is  the  difference  between  the  number  of  protons  and  the  number  of  hydroxide  ions 
complexed  by  surface  functional  groups  in  soils.  Most  of  these  groups  are  on  organic 
matter,  hydrous  oxides  (especially  of  Fe  and  Al),  and  1:1  aluminosilicates  such  as 
kaolinite.  At  higher  pH,  greater  OH  activity,  more  OH-  groups  are  complexed  at  the 
surface  and  the  surface  negative  charge  is  increased.  At  lower  pH,  smaller  OH  activity, 
fewer  OH-  groups  are  complexed  at  the  surface  and  the  surface  negative  charge  is 
decreased.  Thus,  a  higher  measured  CEC  is  expected  at  higher  pH  values. 

The  negative  charge  on  the  surfaces  of  solid  particles  are  balanced  by  adsorbed 
cations  such  as  Ca2  +  ,  Mg2+,  Na+,  and  K+  ("bases")  and  H+  and  Al-compounds 
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("exchange  acidity").  In  one  method  of  determining  CEC,  the  charges  from  these  bases 
and  exchangeable  acidity  are  added  together  to  give  CEC.  In  another  method,  all  the 
adsorbed  cations  are  replaced  in  the  laboratory  by  a  cation  such  as  NH4+  and  the  amount 
of  this  adsorbed  cation  is  determined.  CEC  is  commonly  expressed  as  milliequivalents 
of  positive  charge  per  100  grams  of  soil  (me/lOOg).  Base  saturation  (BS)  is  the  percentage 
of  the  total  CEC  that  is  comprised  of  bases. 

CEC  is  an  important  soil  property  because  it  determines  the  ability  of  a  soil  to 
retain  nutrient  cations  for  use  by  plants  and  to  keep  these  cations  and  others  from 
leaching  through  the  soil.  Thus,  soil  CEC  greatly  influences  the  fertility  of  a  soil  and 
the  chemical  composition  of  the  water  that  leaches  through  it.  It  is  used,  for  example, 
to  determine  the  optimum  levels  of  fertilizer  (Mengel,  1980)  or  sludge  (Sommers  et 
al.,  1980)  to  apply. 

CEC  and  BS  have  been  measured  for  a  number  of  Indiana  soils,  but  for  many  other 
soils  there  is  no  data  available.  It  is  possible,  however,  to  estimate  CEC  and  BS  from 
other  laboratory  data  that  is  more  readily  available  and  from  morphological  properties 
that  can  be  estimated  in  the  field  if  these  relationships  are  known.  The  objectives  of 
this  study  were:  1 )  to  determine  the  relationship  of  CEC  to  clay  and  organic  matter 
contents,  2)  to  determine  the  relation  of  CEC  determined  at  pH  8.2  to  CEC  determined 
at  pH  7.0,  3)  to  determine  the  relationship  of  BS  to  soil  pH,  and  4)  to  determine  the 
relationship  of  CEC  to  texture  class  and  soil  color,  which  are  estimated  in  the  field. 

METHODS  AND  MATERIALS 

During  the  course  of  the  Indiana  Cooperative  Soil  Survey,  field  soil  scientists 
collected  samples  from  a  number  of  pedons  (profiles)  in  each  county  for  analysis  in  the 
Purdue  Soil  Characterization  (PSCL)  Laboratory  or  the  National  Soil  Survey  Laboratory 
(NSSL).  Data  from  the  PSCL  were  published  in  a  series  of  10  reports  culminating  with 
Indiana  Soil  Survey  Staff  (1988),  and  they  are  also  stored  in  a  data  base  management 
system.  Data  from  the  NSSL  are  not  published,  but  most  of  it  is  stored  on  a  computer, 
and  we  also  entered  that  data  into  our  data  base  management  system.  Several  thousand 
samples  were  analyzed  for  CEC  in  the  two  laboratories. 

Laboratory  methods  are  described  in  the  methods  manuals  of  the  laboratories, 
Franzmeier  et  al.  (1977)  for  the  PSCL  and  Soil  Conservation  Service  (1984)  for  the 
NSSL.  For  each  determination,  the  methods  used  in  the  two  laboratories  are  very  similar 
and  give  essentially  the  same  results. 

Cation  exchange  capacity  (CEC)  was  determined  at  two  pH  levels.  In  the  sum  of 
cations  method  (CEC8),  "basic'1  cations,  Ca2  +  ,  Mg2+,  Na+,  and  K  +  ,  were  extracted 
with  ammonium  acetate  solution,  and  extractable  acidity  was  determined  by  the  barium 
chloride-triethanolamine  method  at  pH  8.2  (NSSL  method  6H,  PSCL  pages  18-19).  In 
the  direct  replacement  method  (CEC7),  all  cations  in  the  soil  were  replaced  by  an  excess 
of  NH4+  ions  from  ammonium  acetate  at  pH  7.0,  NH4+  ions  in  solution  were  removed, 
and  adsorbed  NH4+  was  determined  (NSSL  5A8).  Base  saturation  (BS)  was  calculated 
by  dividing  the  sum  of  Ca2+,  Mg2+,  K  +  ,  and  Na+  extracted  with  ammonium  acetate 
by  CEC8  and  multiplying  by  100  to  give  percentage  values. 

Particle-size  distribution  was  determined  by  the  pipet  method  after  destruction  of 
organic  matter  by  hydrogen  peroxide  in  both  laboratories  (NSSL  3A,  PSCL  p.  14-15). 
Organic  carbon  was  determined  by  wet  oxidation  with  potassium  dichromate  and  sulfuric 
acid  by  the  Walkley-Black  method,  with  no  external  heat,  in  the  NSSL  (6A1),  and  by 
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the  Mebius  method,  with  external  heat,  in  the  PSCL  (page  19-20).  Statistical  analyses 
were  done  with  the  SAS  system  (SAS  Institute  1985). 

RESULTS  AND  DISCUSSION 

Using  data  from  both  the  PSCL  and  the  NSSL,  the  relationships  of  CEC8  to  clay 
and  organic  carbon  contents  listed  below  were  derived. 

A  and  E  horizons,  1229  samples,  R2  =  0.81: 

CEC8  =   -0.177  +  0.599  Clay  +  3.65  OC. 

B  horizons,  1316  samples,  R2  =  0.76: 

CEC8  =  0.936  +  0.561  Clay  +  4.70  OC. 

Other  horizons  (mainly  C),  180  samples,  R2  =  0.79: 
CEC8  =  2.21   +  0.547  Clay  +  3.56  OC. 

All  horizons,  2725  samples:,  R2  =  0.79 

CEC8  =  0.515  +  0.588  Clay  +  3.58  OC. 

For  all  horizons,  100  grams  of  clay  provides  59  milliequivalents  (me)  of  cation 
exchange  sites,  and  100  grams  of  organic  matter  provides  208  me  of  exchange  sites 
(assuming  that  one  gram  of  organic  carbon  is  equivalent  to  1.72  g  of  organic  matter). 
For  comparison,  Brady  (1984)  gives  average  values  of  50  to  100  me  CEC  per  100  g 
of  clay  for  soils  of  the  Midwest,  and  200  me  for  100  g  of  organic  matter. 

The  measured  CEC  depends,  in  part,  on  the  pH  at  which  the  determination  was 
made.  Using  NSSL  data,  the  CEC  measured  at  pH  8.2  (CEC8)  was  correlated  with  the 
CEC  measured  at  pH  7.0  (CEC7)  to  give  the  relationship  (Figure  1), 

CEC7  =   -  1.24  +  0.869  CEC8  (582  samples,  R2  =  0.94). 

Soils  with  higher  base  saturation  usually  have  a  higher  pH  than  those  with  lower 
BS.  In  the  PSCL,  pH  was  measured  in  three  solutions,  distilled  water,  0.01  M  CaCl2, 
and  1  M  KC1.  Measured  pH  decreases  with  greater  salt  concentration  because  the  cations 
replace  adsorbed  protons.  The  relationships  below  were  obtained  from  the  correlation 
of  BS  and  pH. 

pH  in  H20,  6506  samples,  R2  =  °-54 

pH   =  3.82  +  0.0347  BS. 

pH  in  0.01  M  CaCl2  solution,  6292  samples,  R2  =  (,M 

pH  =  3.22  +  0.0370  BS. 
?H  m  '  M  KC1,  5715  samples,  R2  =  0.56: 

pH  =  2.69  +  0.0351  BS. 

Of  the  three  methods,  the  CaCl2  method  gave  the  best  correlation,  but  even  this 
relationship  showed  much  scatter  (Figure  2).  A  BS  of  35%  is  used  to  separate  some 
soils  in  Soil  Taxonomy.  This  corresponds  to  a  pH  in  water  of  5.0  and  a  pH  in  CaCl2 
of  4.5. 

CEC8  values  were  also  sorted  by  field-observable  characteristics,  texture  class  and 
Munsell  color  designation  (Table  1).  CEC  increases  with  higher  clay  content  and  with 
darker  colors  (smaller  numbers  in  the  value/chroma  designation). 
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Figure  I .  Relation  of  CEC  determined  at  pH  7.0  to  CEC  determined  at  pH  8.2. 
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Figure  2.  Relation  of  pH  in  0.01  M  CaCF  to  base  saturation. 
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Table  1.  Cation  exchange  capacity  (CEC8)  by  soil  color  and  texture  groups. 


Texture  classes 

Munsell  value/chroma  (10YR  hue), 

A  and  E  horizons' 

B 

horizons2 

2/1 

3/1 

3/2 

3/3 

4/1 

4/3 

All 

4/2 

4/4 

others 

Sand,  fine  sand, 

X3 

19.2 

9.0 

8.7 

6.0 

7.2 

5.3 

4.9 

7.1 

loamy  sand,  and 

SD 

6.9 

2.7 

4.7 

1.6 

1.6 

2.1 

3.2 

5.6 

loamy  fine  sand 

n 

5 

6 

16 

14 

10 

27 

50 

215 

Sandy  loam  and 

X 

19.8 

14.3 

12.5 

8.3 

11.2 

8.1 

9.7 

10.8 

fine  sandy  loam 

SD 

7.4 

4.6 

3.0 

2.4 

4.0 

2.6 

4.9 

4.5 

n 

11 

20 

16 

11 

31 

40 

47 

383 

Loam  and 

X 

31.0 

24.6 

22.2 

19.5 

15.6 

13.4 

13.8 

15.0 

silt  loam 

SD 

8.9 

7.6 

7.8 

6.9 

5.3 

3.6 

6.5 

5.0 

n 

29 

59 

92 

37 

160 

258 

292 

1439 

Clay  loam  and 

X 

35.9 

33.7 

31.6 

29.3 

25.9 

22.7 

27.2 

22.1 

silty  clay  loam 

SD 

9.1 

7.7 

7.4 

4.8 

7.7 

6.9 

8.4 

6.4 

n 

39 

45 

31 

8 

22 

11 

23 

1327 

Silty  clay  and 

X 

54.7 

41.4 

36.5 

33.8 

29.7 

clay 

SD 

6.5 

7.4 

4.6 

3.1 

9.9 

n 

5 

8 

5 

2 

406 

'Purdue  Soil  Characterization  Laboratory  (SCL)  data. 

2National  Soil  Survey  Laboratory  and  SCL  data. 

It  =  mean,  SD  =  standard  deviation,  me/lOOg;  n  —  number  of  samples. 
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QUATERNARY  DISTRIBUTION  OF  THE  TIMBER 

RATTLESNAKE  (Crotalus  horridus) 

IN  SOUTHERN  INDIANA 

Ronald  L.  Richards 

Indiana  State  Museum,  Department  of  Natural  Resources, 

202  North  Alabama  Street,  Indianapolis,  IN  46204 

ABSTRACT:  The  timber  rattlesnake  {Crotalus  horridus)  is  most  frequently  reported  from  Brown, 
Monroe,  and  Morgan  counties,  with  fewer  reports  from  other  south-central  counties,  and  only  two 
records  from  southeastern  Indiana.  Skeletal  remains  of  the  timber  rattlesnake  have  recently  been 
recovered  from  thirty-two  caves  in  Decatur,  Greene,  Harrison,  Jennings,  Lawrence,  Monroe, 
Owen,  Shelby,  and  Washington  counties,  a  Harrison  county  Indian  midden,  and  an  alluvial  deposit 
in  Daviess  county.  Although  the  timber  rattlesnake  may  always  have  had  a  spotty  distribution  in 
Indiana,  the  skeletal  remains  firmly  establish  its  former  presence  in  extreme  southern  and  parts  of 
southeastern  Indiana.  The  Decatur  and  Shelby  county  cave  remains  are  north  of  the  range  previously 
suspected  for  the  species.  Distribution  of  C.  horridus  in  Indiana  appears  to  be  limited  more  by 
the  availability  of  dry,  hill  country,  preferably  cloaked  in  oak-hickory  forest,  than  by  climatic 
factors. 


INTRODUCTION 

The  timber  rattlesnake  {Crotalus  horridus)  has  been  reported  only  south  of  the 
Wisconsinan  glacial  boundary  in  Indiana,  particularly  in  hills  of  the  Norman  and  Craw- 
ford Uplands  in  the  south-central  section  (Minton,  1972).  Previous  records  include  Clark, 
Jackson,  Lawrence,  Martin,  and  Orange  Counties,  and  more  recently  Harrison  and  Perry 
counties,  but  the  timber  rattlesnake  has  always  been  reported  regularly  from  Brown, 
Monroe,  and  Morgan  counties  (Minton,  1972;  Minton,  et  al.,  1983;  Figure  1).  Allyn 
(1937)  knew  of  approximately  twenty-five  specimens  that  were  collected  from  Brown 
county  and  vicinity  between  1931  and  1936.  There  are  four  unconfirmed  records  from 
Clay,  Dearborn/Ripley,  Franklin,  and  Posey  counties,  each  extra-limital  to  the  distri- 
bution based  upon  actual  specimens  (Minton,  1972).  The  timber  rattlesnake  appears  to 
have  a  spotty  distribution  in  Indiana,  finding  optimum  habitat  on  high,  dry  ridges  cloaked 
in  oak-hickory  forest  with  occasional  open  areas  (Minton,  1972).  They  are  said  to  show 
no  preference  for  cliffs,  ledges,  or  massive  outcrops,  and  are  rarely  reported  from  the 
lowlands  (Minton,  1972). 

Crotalus  horridus  fossils  have  been  recovered  from  Kansan-aged  deposits  (ca. 
600,000  B.P.)  at  Cumberland  Cave,  Maryland,  and  Trout  Cave,  West  Virginia  (Holman, 
1977;  Holman,  1982).  More  recent  Rancholabrean  fossils  are  known  from  Arkansas, 
Georgia,  Missouri,  Pennsylvania,  Tennessee,  and  Virginia  (Holman,  1981;  Lundelius, 
et  al.,  1983).  Studies  of  Quaternary  snake  fossils  from  Indiana,  however,  are  few. 
Unidentified  snake  bones  were  first  noted  among  the  debris  of  a  woodrat  (Neotoma 
floridana)  den  in  Sullivan  Cave,  Lawrence  county,  (Bader,  and  Hall,  1960)  and  snake 
remains  (presently  identified  as  C.  horridus)  were  later  listed  from  a  Monroe  county 
cave  (Richards,  1970).  Snake  remains  that  were  associated  with  woodrat  bones  were 
identified  to  family  level,  recording  colubrids  from  eight,  natricines  from  one,  and 
crotalids  from  six  south-central  Indiana  cave  deposits  (Richards,  1972).  The  smooth 
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Figure  1.  Modern  and  fossil  occurrence  of  the  timber  rattlesnake  {Crotalus  horridus)  in  Indiana.  Modern 
occurrences:  Solid  circles,  confimed  occurrences  (after  Minton,  1972,  and  Minton,  et  al.,  1983);  hollow 
circles,  unconfirmed  records  (after  Minton,  1972).  Fossil  and  sub-recent  localities  numbered  as  in  Table  I. 
Solid  line,  southern  limit  of  Wisconsinan  glaciation.  Dashed  line,  southern  limit  of  glacial  deposits. 

green  snake  (Opheodrys  vernalis)  was  recorded  extralimitally  from  late  Pleistocene 
deposits  in  Anderson  Pit  Cave,  Monroe  county  (Holman,  and  Richards,  1981).  Extral- 
imital  remains  of  Crotalus  horridus  were  noted  from  Flat  Rock  and  Dead  Man's  Caves 
in  conjunction  with  a  second  survey  of  fossil  woodrat  remains  (Richards,  1987).  An 
extensive  late  Pleistocene  and  Holocene  herpetofauna  (Prairie  Creek  Site,  Daviess 
county)  that  includes  remains  of  C.  horridus  and  other  snakes  is  presently  under  study 
(Holman,  and  Richards,  in  prep.). 

Because  the  author  had  recovered  viperid  vertebrae  from  numerous  cave  deposits, 
including  several  sites  in  Harrison  County  where  the  timber  rattlesnake  was  at  the  time 
unrecorded  (pers.  comm.,  Sherman  Minton,  July  1979),  as  well  as  from  deposits  in 
two  caves  north  of  the  suspected  range,  a  study  of  Indiana's  viperid  remains  seemed 
timely.  A  recent  inquiry  by  Dennis  Brown,  Hoosier  Herpetological  Society,  about  the 
distribution  of  Crotalus  horridus  fossils  in  Indiana  has  prompted  the  present  treatment. 


METHODS 

Caves  had  been  routinely  sampled  throughout  south-central  and  southeastern  In- 
diana, with  special  emphasis  more  recently  placed  on  caves  in  the  peripheries  of  both 
karst  areas,  in  conjunction  with  the  survey  of  woodrat  fossils  in  the  state  (Richards, 
1987).  Snake  remains  had  been  gathered  where  they  lay  exposed  on  cave  floors  or  on 
ledges,  but  the  majority  were  collected  over  the  years  as  part  of  entire  faunal  samples 
recovered  by  the  washing  of  cave  sediments  through  fine-meshed  (ca.  1 .2  mm)  hardware 
cloth. 
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Identification  was  based  upon  characters  of  the  abundantly  recovered  trunk  ver- 
tebrae, as  well  as  of  the  less  commonly  preserved  cranial  elements.  Viperid  vertebrae 
are  readily  recognized  by  their  short  length,  long,  straight,  thick  ventral  hypapophyses, 
large  condyles,  and  short  accessory  processes  (Auffenberg,  1963;  Meylan,  1982;  Figure 
1).  Trunk  vertebrae  of  Crotalus  (rattlesnakes)  and  Agkistrodon  (copperheads  and  cot- 
tonmouths)  are  very  similar,  but  Holman  (1963)  noted  that  those  of  Agkistrodon  usually 
have  a  distinct  pit  with  one  moderately  large  fossa  on  either  side  of  the  cotyle.  Trunk 
vertebrae  of  Crotalus  usually  lack  those  pits,  and  the  one  or  more  fossae  that  occur  are 
minute.  Holman  later  noted  that  the  pits  are  more  deeply  excavated  in  Agkistrodon  than 
in  Crotalus  (Holman,  1965).  Meylan  (1982)  suggested  that  Holman's  characters  were 
reliable  only  for  one-third  of  the  mid-body  trunk  vertebrae,  as  the  anterior  and  posterior 
trunk  vertebrae  of  two  Crotalus  reference  columns  displayed  pitting,  and  one  column 
contained  a  single  large  fossa  in  each  pit  throughout  the  series.  Meylan  relied  upon 
discriminant  analysis  of  the  ratios  of  vertebral  measurements.  Trunk  vertebrae  of  Sis- 
trurus  (massasaugas  and  pygmy  rattlesnakes)  are  recognized  by  the  presence  of  a  small 
prominence  just  anterior  to  the  neural  spine  (Holman,  1964)  and  by  having  prezyga- 
pophyses  which  tilt  upward  to  a  greater  degree  than  in  Crotalus  or  Agkistrodon  (Holman, 
1965).  Crotalus  horridus  trunk  vertebrae  can  be  distinguished  from  those  of  other  eastern 
and  southern  North  American  rattlesnakes  (Crotalus  adamanteus,  eastern  diamondback 
rattlesnake,  and  Crotalus  atrox,  western  diamondback  rattlesnake)  by  the  much  lower 
neural  spine  of  C.  horridus  (Holman,  1982).  Cranial  elements  reported  to  be  diagnostic 
for  C.  horridus  include  the  maxilla  (Holman,  1959),  articular  (=  compound  =  man- 
dible) (Holman,  1967),  dentary  (Holman,  1967),  and  pterygoids,  among  other  elements 
(Brattstrom,  1964).  Terminal  caudal  vertebrae  of  rattlesnakes  in  general  are  coalesced 
into  a  solid  shaker,  or  style  (Klauber,  1956)  that  are  occasionally  recovered  in  fossil 
deposits. 

Faunas  from  Megenity  Peccary  Cave  and  Fair-to-Middl'in  Well  are  deposited  at 
the  Indiana  State  Museum,  (INSM).  Materials  from  Prairie  Creek  are  on  file  at  the 
Glenn  A.  Black  Laboratory  of  Archaeology,  Indiana  University  Bloomington.  Other 
rattlesnake  remains,  largely  from  undescribed  faunas,  are  on  file  with  the  author. 

RESULTS 

Crotalus  horridus  remains  were  identified  from  eleven  south-central  and  south- 
eastern Indiana  counties,  including  32  caves,  one  Indian  midden,  and  an  alluvial  deposit 
(Table  1 ;  Figures  1  and  2).  Some  of  the  cave  remains  occurred  as  a  disarticulated  mingle 
or  as  scattered  bones  of  a  single  individual  within  the  entrance  area,  or  15  or  so  meters 
within  the  cave  (e.g.,  Hendershot  cave,  Wayne  cave,  and  an  unnamed  Lawrence  county 
cave);  this  suggested  that  some  of  the  rattlesnakes  once  crawled  to  position  inside  the 
cave.  Other  deposits  beyond  the  twilight  zone  occasionally  produced  commingled  re- 
mains of  a  large  number  of  snakes  that  included  more  delicate  cranial  elements  (e.g., 
Dead  Man's,  Flat  Rock,  and  Henchman  caves);  this  suggested  that  crevices,  fissures 
and  other  cover  within  those  caves  were  repeatedly  used  in  denning.  Many  isolated 
vertebrae  had  been  rodent  gnawed  and  dispersed  to  various  loci  (often  ledges)  in  the 
caves  (e.g.,  Brinegar,  and  Sullivan  caves),  indicating  the  activities  (or  former  activities) 
of  woodrats.  Remains  also  occurred  in  sedimentary  deposits  where  bone  had  accumulated 
through  carnivore  scat,  pitfall  entrapment,  and/or  other  processes. 

Notably,  timber  rattlesnake  remains  were  recovered  from  Crawford,  Daviess,  De- 
catur, Greene,  Jennings,  Owen,  Shelby  and  Washington  counties  where  the  species  had 
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Table  1 .  Quaternary  localities,  occurrence,  and  remains  oiCrotalus  horridus  in  southern 
Indiana. 


Cave  /  Site 


Quadrangle      County  Occurrence1 


Materials2 


1 .   Flat  Rock  Cave  Waldron 


2.   Dead  Man's  Cave         Adams 


Shelby 


Decatur 


3.  Faultz  Cave  Westport 

4.  Muscatatuck  Caverns  IButlerville 


5.  Henchman  Cave 


Vernon 


Decatur 
Jennings 


Jennings 


12.  Wayne  Cave 

13.  Thundermug  Cave 

14.  Brinegar  Cave 

15.  Showcase  Pit  Cave 

16.  Bee  Tree  Cave 


D 


D 


D 


6. 

Crawl  Cave 

Vernon 

Jennings 

S 

7. 

Biehle  Cave 

Vernon 

Jennings 

S,W 

X. 

Jesse  Tate  Cave 

Deputy 

Jennings 

W 

9. 

Hendershot  Cave 

Spencer 

Owen 

L,S 

10. 

Hidden  Pit  Cave 

Whitehall 

Owen 

S 

11. 

Freeman  Pit 

Whitehall 

Monroe 

S 

Whitehall 

Monroe 

L 

Whitehall 

Monroe 

W 

Stanford 

Monroe 

W 

Standford 

Monroe 

S 

Stanford 

Monroe 

S 

Five  areas  in  cave:  basioccipital;  L 

dentary;  R  frontal;  L  prefrontal;  2L 

pterygoids;  1 14  trunk  vertebrae  (incl.  3 

juvenile  vertebrae). 

Three  areas:  7  basioccipitals;  2 

basisphenoids;  4L,  6R  compounds; 

ML,  8R  dentaries;  5L,  5R 

ectopterygoids;  2L,  4R  exoccipitals; 

1L,  6R  frontals;  6L,  8R  maxillae;  2 

parietals;  8L,  1 1R  prefrontals;  3L,  4R 

pro-otics;  7L,  3R  pterygoids;  6L,  6R 

squamosals;  6  styles;  676  vertebrae 

(incl.  46  small/juvenile). 

3  trunk  vertebrae  (incl.  1  juvenile). 

Two  areas:  R  prefrontal;  R  pterygoid 

(viperidae  cf.  C.  horridus);  L 

squamosal;  2  trunk  vertebrae. 

Five  areas:  R  dentary;  L  maxilla;  L 

prefrontal;  261  trunk  vertebrae  (incl.  3 

juvenile). 

L  compound;  L  squamosal;  4  trunk 

vertebrae  (incl.  1  juvenile). 

Three  areas:  7  trunk  vertebrae 

1  trunk  vertebra 

Two  areas:  6  trunk  vertebrae 

2  juvenile  trunk  vertebrae;  viperidae  cf. 
C.  horridus  (juvenile):  3  cervical,  3 
trunk  vertebrae. 

Three  areas:  L  compound;  1  cervical, 

128  trunk,  5  caudal  vertebrae;  viperidae 

cf.  C.  horridus  (juvenile):  R 

compound;  1  trunk  vertebra. 

88  trunk,  4  caudal  vertebrae;  style 

1  trunk  vertebra 

1  trunk  vertebra 

5  trunk  vertebrae  (incl.  3  juvenile) 

Two  areas:  basisphenoid;  parietal;  10 

trunk  vertebrae;  viperidae  cf.  C. 

horridus:  1  adult,  24  juvenile  trunk 

vertebrae. 
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17.  Anderson  Pit  Cave 

18.  Mill  Cave 

19.  Batey  Cave 

20.  Sullivan  Cave 


2 1 .  Carcass  Crypt  Pit 
Cave 


Clear  Creek  Monroe 

Stanford  Greene 

Owensburg  Greene 

Owensburg  Lawrence 


Bedford  West  Lawrence 


30.  Parker  Pit  Cave 

31.  N.  Jim  Cave 


Corydon  West  Harrison 
Mauckport        Harrison 


S 

S 

S 

S,W 


22. 

Connelly  Cave 

Huron 

Lawrence 

S 

23. 

Cave,  name  unknown 

Norman 

Lawrence 

L 

24. 

Megenity  Peccary 

Taswell 

Crawford 

S,W 

Cave 

25. 

Suicide  Cave 

Kossuth 

Washington 

S 

26. 

Waterfall  Cave 

Smedley 

Washington 

S 

27. 

King  Leo  Pit  Cave 

DePauw 

Harrison 

S 

28. 

Devils  Staircase  Pit 
Cave 

Leavenworth 

Harrison 

s 

29. 

Passenger  Pigeon 
Cave 

Leavenworth 

Harrison 

L,S 

32. 

Fair-to-MiddKin 
Well  Pit 

Mauckport 

Harrison 

S 

33. 

Indian  Midden 

Mauckport 

Harrison 

S 

34. 

Prairie  Creek  Site 

Washington 

Daviess 

S 

Three  areas:  24  trunk  vertebrae 

3  trunk  vertebrae 

I  cervical,  1  trunk  vertebrae. 

Two  areas:  L  compound;  supraoccipital 

(juvenile);  97  trunk  vertebrae  (incl.  15 

juvenile);  viperidae  cf.  C.  horridus:  2 

trunk  vertebrae. 

1  trunk  vertebra 

1  trunk  vertebra 

51  trunk,  6  caudal  vertebrae;  style 
Under  study:  numerous  vertebrae  in 
several  rooms  at  different  stratigraphic 
levels. 

2  trunk  vertebrae;  viperidae  cf.  C. 
horridus  (juvenile):  10  trunk  vertebrae. 
1  juvenile  trunk  vertebra 

17  trunk  vertebrae 
1  trunk  vertebra 

Two  areas:  L  compound;  L  maxilla;  4 

cervical,  194  trunk  (incl.  14  juvenile), 

1  caudal  vertebrae. 

1  trunk  vertebra 

L  compound;  L,R  dentaries;  L  frontal; 

R  maxilla;  L,R  palatines;  L  prefrontal; 

R  pro-otic;  L  squamosal;  1 1  trunk 

vertebrae  (incl.  5  juvenile);  viperidae 

cf.  C.  horridus:  supraoccipital. 

L  maxilla;  37  trunk  vertebrae  (incl.  33 

small  and  juvenile). 

1  trunk  vertebra 

2  trunk  vertebrae 


1 ,  Predominant  occurrence  of  bones:  L:  Living  snake  apparently  once  crawled  to  position  in  an  entrance  area  of  cave 
(much  of  a  solitary  skeleton).  D,  probable  den  site  (as  in  L,  but  with  multiple  skeletons  sometimes  deeper  in  cave).  W, 
bone  apparently  transported  by  woodrat.  S,  sedimentary  deposits  accumulated  by  pitfall  trapping,  carnivore  refuse,  and 
other  means  (including  L  and  W). 

2,  Many  of  the  remains  are  fragments  of  the  elements  listed. 
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Figure  2.  Trunk  vertebrae  of  large  Indiana  specimens  of  the  timber  rattlesnake,  Crotalus  horridus.  A,B: 
Flat  Rock  Cave,  Shelby  County;  C,  modern  comparative  specimen,  Brown  County,  5+  8"  (1727  mm)  total 
length;  D,  Dead  Man's  Cave,  Decatur  County.  Scale  in  millimeters. 


not  previously  been  recorded.  The  Flat  Rock  Cave  (Shelby  county)  and  Dead  Man's 
Cave  (Decatur  county)  localities  are  north  of  the  range  previously  suspected  for  the 
species. 

Identifications  were  facilitated  with  comparative  skeletal  material  {Crotalus  h. 
horridus,  2;  C.  h.  atricaudatus ,  3;  Agkistrodon  contortrix  moke  son,  3;  A.  c.  laticinctus , 
2;  Agkistrodon  p.  piscivorus,  2)  using  many  of  the  characters  noted  above.  Fossil  cranial 
elements  proved  to  be  relatively  distinct,  but  the  separation  of  Crotalus  and  Agkistrodon 
vertebrae  required  some  experience  and  judgement.  Interestingly,  the  anterior  edge  of 
the  ventral  hypapophysis  was  found  to  be  more  rounded,  and  its  base  less  projected 
from  the  centrum  (except  in  the  cervical  region)  in  Crotalus  than  in  Agkistrodon,  which 
has  a  sharper  margin  and  a  narrower,  more  projected  base.  The  distinct  pits  on  either 
side  of  the  cotyle  noted  by  Holman  (1963,  1965)  were  better  developed  in  comparative 
materials  of  Agkistrodon  piscivorus  than  in  A.  contortrix,  and  weakly  developed  in  adult 
Crotalus  horridus.  As  noted  by  Holman  (1963)  the  foramina  in  these  pits  were  usually 
multiple  and  of  small  size  in  Crotalus  and  typically  singular  and  of  larger  size  in 
Agkistrodon.  Crotalus,  however,  frequently  posessed  singular,  large  foramina  in  ver- 
tebrae of  the  cervical  and  posterior  trunk  and  caudal  region,  but  most  of  the  posterior 
trunk  vertebrae  could  be  better  identified  by  characters  of  the  ventral  hypapophysis. 
Juvenile  vertebrae  of  Crotalus  tended  to  have  much  deeper  pits  on  either  side  of  the 
cotyle  than  adults,  but  the  multiple  foramina  were  usually  quite  distinct.  Juvenile  ver- 
tebrae of  Agkistrodon  tended  to  have  more  rounded  anterior  edges  on  the  ventral  hy- 
papophyses  than  adults,  but  there  was  usually  a  singular,  relatively  large  foramen.  Fossil 
vertebrae  were  identified  using  a  cluster  of  the  above  (and  previously  stated)  characters 
in  the  following  sequence:   1 .  character  of  the  anterior  edge  and  base  of  the  ventral 
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hypapophysis,  2.  size  and  number  of  foramina,  3.  nature  of  pitting,  4.  presence  of  a 
spur  anterior  to  the  base  of  the  neural  spine  (Sistrurus),  5.  height  of  the  neural  spine, 
6.  presence  of  epizygapophyseal  spines  (frequently  occurring  in  Agkistrodon;  Auffen- 
berg,  1963),  and  other  more  subtile  characters  not  presented.  Not  all  vertebrae  of  the 
two  genera  could  be  separated,  but  those  of  Crotalus  posessed  more  distinctive  features 
(including  larger  size)  than  those  of  Agkistrodon,  in  which  many  trunk  vertebrae  were 
similar  to  posterior  cervical  vertebrae  of  Crotalus. 

Because  of  the  recent  discovery  of  isolated  populations  of  the  cottonmouth  (Ag- 
kistrodon piscivorus)  in  south-central  Indiana  (Forsyth,  et  al.,  1985),  particular  alert 
was  given  for  the  possibility  of  its  presence  among  the  recovered  fossils,  but  nothing 
attributable  could  be  recognized. 

DISCUSSION 

Cave  remains  firmly  document  the  former  presence  of  Crotalus  horridus  in  several 
Indiana  counties  where  it  was  previously  unknown,  including  those  in  southeastern  parts 
of  the  state.  Fossil  remains  are  not  readily  available  from  Brown  or  Morgan  counties 
where  (including  Monroe  county)  the  rattlesnake  is  most  commonly  encountered  today, 
because  of  the  absence  of  caves  suitable  for  faunal  accumulation.  Clearly,  the  cave 
remains  document  only  that  portion  of  rattlesnake  range  that  occurs  in  cavernous  regions, 
rather  than  the  full  extent  of  its  distribution. 

Dead  Man's  Cave  at  the  southeast  corner  of  Saint  Paul,  Decatur  county,  is  parti- 
cularly interesting  as  it  appears  to  have  served  as  a  rattlesnake  den  over  a  long  period 
of  time.  The  remains  of  no  less  than  ten  rattlesnakes,  two  copperheads,  one  racer 
{Coluber  constrictor),  a  milk  snake  (Lampropeltis  triangulum),  and  a  northern  water 
snake  (Nerodia  cf.  N.  sipedon)  were  comingled  in  a  crevice  1.2  m  above  the  relatively 
horizontal  cave  floor  approximately  17  m  inside  the  cave.  Both  juvenile  and  adult 
rattlesnakes  were  present.  Other  rattlesnake  remains  were  found  in  the  cave.  The  cave 
entrance  is  south-southwest  facing,  along  a  ca.  8  m  high  rocky  bluff  outcropping  ca.  4 
m  above  and  14  m  away  from  the  bank  of  Flatrock  River.  This  confirms  reports  that 
rattlesnakes  were  once  in  the  area  around  Saint  Paul  (pers.  comm.,  Sherman  Minton, 
November  1989).  Flat  Rock  Cave  (Shelby  county)  and  Henchman  Cave  (Jennings 
county),  appear  also  to  have  once  served  as  dens.  These  caves  similarly  contained 
numerous  rattlesnake  skeletons,  have  relatively  horizonal  passages,  southern  or  south- 
eastern entrance  exposures,  and  occur  at  the  bases  of  rocky  bluffs  in  the  dry  floodplains 
of  streams.  Although  rattlesnakes  are  rarely  reported  from  lowlands,  it  is  apparent  that 
they  will  at  least  seasonally  occupy  those  habitats  when  suitable  cave  or  rock  outcrops 
are  available  for  denning.  Notably,  snake  remains  record  only  mortality  at  the  den, 
rather  than  the  size  of  the  local  population. 

Mr.  James  Smith  of  Shelby  county  presented  a  vivid  account  of  his  encounter  with 
rattlesnakes  (Anonymous,  1887;  Chadwick,  1909)  that  could  have  applied  equally  to 
Decatur  or  Jennings  counties: 

"While  en  route  home  from  Edinburg  in  the  summer  of  1834,  near  the  present 
site  of  the  Baptist  Church,  in  the  Scott  neighborhood,  my  attention  was  attracted 
by  a  noise  in  the  leaves  near  the  roadside.  I  stopped  suddenly,  and  soon 
discovered  that  it  was  a  combat  for  life  between  a  rattlesnake  and  a  black  snake. 
Drawing  near,  the  black  snake  became  frightened  at  my  presence,  and  quickly 
disappeared  in  the  brush.  The  rattlesnake  after  a  few  seconds  of  apparent  rest 
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crawled  slowly  away  to  the  base  of  a  small  cliff  near  the  creek  bank.  Following 
but  a  few  paces  behind,  and  as  I  came  near  the  cliff,  I  discovered  what  appeared 
to  me  at  first  sight  to  be  hundreds  of  those  venomous  reptiles.  I  immediately 
repaired  to  the  nearest  house,  and  with  the  father,  sons  and  dogs,  we  returned 
to  the  spot  armed  with  various  implements  of  warfare,  where  we  killed  many 
rattlesnakes  of  all  ages  and  sizes". 

Klauber  (1956)  noted  that  where  available  C.  horridus  selects  a  rocky  den  with  a 
southern  exposure  for  hibernation.  He  related  that  where  suitable  den  sites  are  widely 
separated,  populations  at  individual  sites  tend  to  run  larger.  Den  populations  in  western 
Pennsylvania  have  been  estimated  to  vary  from  20  to  200  rattlesnakes,  though  much 
larger  populations  have  been  reported.  Both  rattlesnakes  and  copperheads  den  together 
in  Pennsylvania  and  Virginia,  and  black  rat  snakes,  king  snakes,  milk  snakes,  black 
racers,  and  garter  snakes  have  been  noted  in  rattlesnake  denning  areas  (Klauber,  1956). 
Crotalus  horridus  is  distributed  into  such  northerly  latitudes  as  southeastern  Min- 
nesota, southwestern  Wisconsin,  and  northeastern  Iowa,  and  ranges  into  New  York, 
southern  Vermont,  and  southern  New  Hampshire  (Conant,  1975),  regions  with  precip- 
itation similar  to,  but  winters  longer  and  cooler  than  those  of,  Indiana  (Visher,  1945). 
Yet  C.  horridus  is  restricted  to  the  hill  country  south,  or  just  north  of  the  Wisconsinan 
glacial  boundary  in  southern  Indiana.  It  occurs  most  abundantly  (9  of  Minton's  14 
specimen  records)  in  the  Brown  County  Hills  natural  region  Section  (10B)  (Homoya, 
et  at.,  1985)  where  the  Norman  Upland  is  cloaked  in  the  presently  quite  variable  oak- 
hickory  forest  (Petty,  and  Jackson,  1966;  Schneider,  1966).  The  Crawford  Upland 
Section  (9A),  also  generally  in  oak-hickory  forest,  produced  three  of  Minton's  remaining 
five,  and  the  newer  Perry  county  records.  Oak-hickory  associations  in  the  less  dissected 
lowlands  of  southwestern  Indiana  (Southwestern  Lowlands  Natural  Region),  however, 
have  generated  only  one  unconfirmed  record  of  the  timber  rattlesnake.  The  Knobstone 
Escarpment  (10C)  and  Shawnee  Hills  Escarpment  (9B),  in  oak-hickory  and  western 
mesophytic  forest  associations,  repectively,  have  contributed  the  remaining  two,  and 
the  newer  Harrison  County  (9B)  records.  The  present  distribution  of  Crotalus  horridus 
in  Indiana  certainly  appears  to  be  limited  more  by  the  availability  of  some  oak-hickory 
forest  association  in  combination  with  hill  country,  rather  than  by  climatic  factors. 
Accordingly,  the  Knobstone  Escarpment  Section  (IOC)  and  Switzerland  Hills  Section 
(1 1C)  would  appear  at  one  time  to  have  provided  suitable  C.  horridus  habitat. 

Quaternary-aged  rattlesnake  remains  were  most  abundantly  preserved  in  the  Shaw- 
nee Hills  Escarpment  Section  (9B)  (Chester  Escarpment)  and  occasionally  on  the  Craw- 
ford Upland  Section  (9 A)  where  cave  development  is  most  notable.  Interestingly, 
rattlesnake  remains  have  been  recovered  from  caves  in  Decatur,  Jennings,  and  Shelby 
counties  where  topographical  relief  is  low  and  beech-maple  is  today  the  predominant 
forest.  Rattlesnakes  were  apparently  able  to  colonize  this  marginal  habitat  because  of 
the  availability  of  rocky  bluffs  dissected  along  river  valleys. 

The  dynamics  of  floral  and  faunal  reorganization  during  the  late  Pleistocene  pro- 
duced unique  associations  of  relatively  temperate-zoned  reptiles  and  amphibians  that 
coexisted  with  both  temperate-zoned  and  more  boreal  mammals  (Graham,  1976;  Gra- 
ham, 1985;  Graham,  and  Mead,  1987;  Holman,  and  Richards,  in  prep.;  Lundelius,  et 
al.,  1983).  This  suggests  that  herptile  distributions  in  general  have  remained  relatively 
"inert"  when  populations  were  not  directly  displaced  by  glacial  ice  (Fay,  1984a,  1984b, 
1986a,  1986b;  Holman,  1986).  Several  Crotalus  horridus  vertebrae  were  recovered 
from  deposits  associated  with,  and  occuring  below,  two  commingled  flat-headed  peccary 
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(Platygonus  compressus)  skeletons  in  Megenity  Peccary  Cave,  Crawford  County.  Pec- 
cary bone  collagen  produced  a  radiocarbon  date  of  Wisconsinan  age  (30,880  ±500  B.P.) 
(Richards,  1989).  Two  other  radiocarbon  dates  associated  with  C.  horridus  in  Indiana 
are  of  late  Holocene  age  (Freemans  Pit,  Monroe  County,  2,315  ±65  B.P.;  Prairie  Creek 
Site,  Daviess  County,  3,180±  100  B.P.)  (Holman,  and  Richards,  in  prep.;  Richards, 
1983).  Particular  herptile  species  populated  or  repopulated  formerly  glaciated  areas  in 
central  and  northern  Indiana  after  the  recession  of  Wisconsinian  ice  based  upon  the 
"individualistic"  tolerences  of  each  species  (Holman,  and  Richards,  in  prep.;  King, 
and  Graham,  1981).  These  tolerance  levels  allowed  the  eastern  massassauga  {Sistrurus 
catenatus)  to  occupy  suitable  habitat  in  central  and  northern  Indiana,  while  the  timber 
rattlesnake  remained  relatively  inert  in  its  distribution  among  the  surviving  dissected 
uplands  of  southern  Indiana. 
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ABSTRACT:  The  American  Goldfinch  {Carduelis  tristis)  breeds  in  late  summer  in  northern  Indiana. 
Birds  are  seen  in  courtship  during  July  but  nest  construction  and  egg-laying  begin  the  last  part  of 
July,  peaking  in  the  first  week  of  August.  We  observed  goldfinches  at  thistle  feeders  on  the  campus 
of  Saint  Mary's  College  during  July  and  August.  Most  individuals  were  uniquely  banded  with 
colored  vinyl  leg  bands,  and  known  breeding  pairs  were  documented  at  nests.  At  the  feeders,  we 
recorded  males  and  females  as  "dating"  if  they  were  seen  arriving  together,  eating  together  on  a 
feeder,  or  leaving  together.  A  summary  of  these  records  shows  that,  although  there  were  several 
individual  exceptions,  females  were  generally  accompanied  by  many  males  besides  their  mates, 
even  during  egg-laying  periods.  These  opportunities  for  extrapair  copulations  suggest  that  paternity 
may  be  more  uncertain  than  one  might  suppose  in  this  monogamous  species.  For  the  breeding 
pairs  of  this  study,  male  age  was  not  significant  in  determining  reproductive  success. 


INTRODUCTION 

The  American  Goldfinch  {Carduelis  tristis)  is  a  small  seed-eating  passerine  that 
begins  pair  formation  in  June  and  breeds  in  July  or  August.  Goldfinches  prefer  orchard- 
like habitats  (Middleton,  1979),  and  are  currently  considered  to  be  monogamous  (Mid- 
dleton,  1988).  Ford  (1983)  defines  a  species  as  monogamous  if  the  rate  of  polygamy 
does  not  regularly  exceed  20%.  There  have  been  reports  of  polyandry  by  females  with 
prior  breeding  experience  (Middleton,  1979,  1988;  Skagen,  1987). 

Male  goldfinches  guard  their  territories  during  nest  building  and  then  feed  the 
female  while  she  incubates  eggs  (Tyler,  1968).  Because  female  goldfinches  stay  on 
their  nests  up  to  95%  of  the  time  during  incubation  this  represents  a  large  investment 
of  time  and  energy  for  the  male  (Carey,  1980).  If  the  male  is  committed  to  considerable 
parental  investment  then  it  is  to  his  advantage  to  protect  his  paternity,  i.e.,  to  practice 
mate  guarding.  According  to  Birkhead  (1979),  mate  guarding  occurs  when  the  male 
remains  close  to  a  mate  and  actively  prevents  approach  by  other  males  during  the  time 
when  copulations  might  result  in  fertilization  of  eggs.  We  studied  the  behaviors  of 
goldfinches  during  the  breeding  season  in  order  to  document:  (A)  frequency  of  feeder 
visits,  (B)  mate  guarding,  and  (C)  effect  of  male  age  on  breeding  activities. 

METHODS 

Birds  observed  in  this  study  were  from  a  breeding  population  adjacent  to  Saint 
Mary's  College  (St.  Joseph  County,  Indiana).  Individuals  were  trapped  in  mist  nets  and 
banded  to  allow  individual  identification.  One  leg  carried  the  standard  U.  S.  Fish  and 
Wildlife  aluminum  band  while  the  other  leg  had  colored  vinyl  bands  purchased  from 
A.  C.  Hughes,  Middlesex,  England.  Single  color  bands  included  blue  (Bl),  yellow  (Y), 
red  (R),  white  (W),  green  (G),  black  (Bk),  orange  (O),  pink  (Pi),  light  blue  (L),  and 
purple  (Pu).  Split  bands  (with  two  colors)  were  also  used.  These  were  orange-yellow 
(O-Y),  maroon-yellow  (M-Y),  red-white  (R-W),  and  blue-white  (Bl-W). 
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Observations  were  made  in  a  rock  garden  at  Saint  Mary's  College,  located  200 
meters  west  of  the  breeding  area.  The  garden  had  two  parts:  a  sunken  flower  bed 
surrounding  a  circular  stream  that  flows  into  a  small  pond,  and  at  ground  level,  a  cement 
patio  where  two  thistle  feeders  were  hung  1 .5  meters  above  ground.  We  used  a  spotting 
scope  and  field  glasses  to  identify  birds  by  age,  sex,  and  band  combination.  "Dating" 
pairs  were  identified  using  one  or  more  of  the  following  criteria:  a  male  and  female 
arriving  at  the  same  time,  leaving  together,  or  on  the  feeder  at  the  same  time. 

We  visited  the  nests  regularly  during  the  breeding  season  to  document  the  condition 
of  nests  during  building  and  the  identities  of  nesting  pairs.  The  condition  and  number 
of  eggs  or  young  were  recorded  on  each  visit  which  allowed  incubation  dates  to  be 
known  or  extrapolated. 

Age  of  males  was  determined  by  difference  in  plumage.  First  year  breeding  season 
birds  have  drab-olivaceous  lesser  wing  coverts  and  white  patches  on  the  bases  of  the 
primaries.  More  mature  males  have  bright  yellow  lesser  wing  coverts  and  usually  have 
no  white  markings  on  their  dark  black  primaries  (Middleton,  1974).  Male  goldfinches 
do  not  lose  their  first  basic  plumage  until  their  first  post-nuptial  molt;  therefore,  they 
do  not  obtain  adult  plumage  until  after  their  first  breeding  season.  Males  in  their  second 
year  were  labeled  SY  (second  year)  and  males  which  had  acquired  adult  plumage  were 
labeled  ASY  (after  second  year).  Females  were  not  differentiated  by  age  since  plumage 
of  females  does  not  differ  enough  for  field  identification  with  age. 

RESULTS 

The  "dating"  record  indicates  all  the  known  breeding  females  and  the  dates  they 
were  seen  accompanied  by  males.  Females  were  more  frequently  observed  at  feeders 
with  ASY  males  than  with  SY  males.  Many  different  males  were  seen  with  each  female. 
RG/S  was  seen  with  her  mate  the  most  (eight  times)  while  other  females  were  only  seen 
with  their  mates  once.  Some  females  were  never  seen  with  their  mates  (Table  1). 

Table  2  summarizes  observations  at  the  feeder  and  indicates  the  incubation  period 
for  each  female.  Female  goldfinches  were  seen  less  frequently  than  males,  especially 
during  their  incubation  periods.  Males  S/RG  and  RBk/S,  and  their  mates  were  not  seen 
at  all  during  the  incubation  period  while  RO/S  and  S/OY-O  were  seen  more  often  than 
other  males.  The  numbers  represent  the  different  times  that  each  bird  was  seen  during 
that  day.  These  data  also  indicate  that  ASY  males  begin  mating  one  week  earlier  (average 
July  29)  than  do  SY  males  (average  August  5). 

The  individual  variation  of  feeder  visits  and  breeding  success  can  be  seen  in  Table 
3.  There  were  different  strategies  displayed.  ASY  male  LR-W/S  was  seen  the  most  with 
his  mate,  which  never  came  to  the  feeder  during  incubation,  but  this  pair  was  not 
successful  in  fledging  young.  On  the  other  hand,  female  RW/S  was  seen  at  the  feeders 
twice  during  incubation  and  successfully  fledged  four  young.  There  was  no  significant 
difference  (the  Mann-Whitney  probability  of  equal  rank  is  0.87)  in  the  number  of  young 
fledged  by  the  ASY  males  (average  2.5)  compared  with  the  SY  males  (average  2.75). 

DISCUSSION 

Because  of  the  reported  tendency  for  female  goldfinches  to  stay  on  the  nest  (Tyler, 
1968)  we  expected  females  to  be  absent  from  the  feeders  during  the  incubation  period. 
While  the  data  in  Table  2  are  consistent  with  this  expectation,  several  females  (RG/S, 
S/OG,  S/R-WR-W,  and  RW/S)  were  seen  at  the  feeders  during  the  incubation  period. 
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Table  1.  Dates  that  male  goldfinches  accompanied  individual  female  goldfinches. 


Female  ID 


Male  ID 


Age 


Dates  seen  together 


WL/S* 

LAS* 

ASY 

LR-W/S 

ASY 

RG/S* 

S/LY-0 

ASY 

LR-W/S* 

ASY 

s/wo 

ASY 

RL/S* 

GG/S* 

SY 

LR-W/S* 

ASY 

S/BkY-0 

SY 

BIG/S 

ASY 

-/- 

SY 

BI-WR/S 

SY 

RO/S* 

ASY 

M-YM-Y/S 

ASY 

S/LY-0 

SY 

OR/S 

ASY 

S/B1Y* 

S/OBl* 

ASY 

-/- 

SY 

S/B1W 

SY 

GG/S* 

S/flAW* 

ASY 

S/B1W 

SY 

S/RY* 

-/- 

SY 

S/RBk 

ASY 

LR-W/S* 

ASY 

S/YW 

ASY 

RO/S* 

ASY 

R-WB1/S* 

SY 

YR/S* 

S/GY-0 

SY 

S/R-WR-W* 

ASY 

RO/S* 

ASY 

WBk/S* 

S/WO 

ASY 

WR-W/S* 

SY 

R-WB1/S* 

SY 

RBk/S 

ASY 

S/PiBk* 

S/LBk* 

ASY 

S/OG* 

S/B1W 

SY 

5//?-W/?-W* 

ASY 

S/R-WR-W* 

L/S* 

ASY 

GG/S* 

SY 

M-YM-Y/S 

ASY 

OBK/S 

ASY 

w/ws* 

-/- 

SY 

S/BIW 

SY 

L/S* 

ASY 

RBk/S* 

ASY 

7/17 

7/7,  8/26 
8/26 
8/11 


i,  8/26 


6/29 

8/24 
6/30 

7/3,  7/18,  7/25,  7/26,  7/27,  7/28,  8/4, 

7/3 

7/3, 

7/3, 

7/7, 

7/20, 

8/4 

8/9 

8/24 

8/25, 

8/26 

8/26 

7/4,  7/9,  7/27 

7/14 

8/9 

7/16 

8/26 

7/3,  7/10 

7/9 

7/10 

7/10 

7/17 

7/18 

7/14 

8/4 

8/8 

7/16,  7/17,  7/25 

7/18 

8/8 

8/9 

7/16 

7/16,  8/9 

8/9 

8/24 

8/24,  8/25 

8/24,  8/25 

8/27 

8/24 

8/24 

8/24 

8/26 


-/-  unhanded 

*  known  breeder;  documented  mate  for  that  female  is  italicized 
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Table  3.  Reproductive  strategy  evaluation. 


Bird  ID 

#  of  young 

#  of  dates 

#  times  fe 

male 

#  of 

times  male 

male 

female 

fledged 

seen 

together 

seen  duri 

ng 

seen  during 

incubation 

incubation 

L/S 

WL/S 

5 

1 

0 

6 

S/R-WR-W 

S/OG 

0 

1 

2 

5 

RO/S 

YR/S 

0 

1 

0 

7 

LR-W/S 

RG/S 

0 

8 

1 

3 

S/BkW 

GG/S 

4 

1 

0 

2 

RBk/S 

S/PiBk 

4 

0 

0 

0 

S/OBI 

S/BIY 

4 

3 

0 

3 

S/RG 

W/WS 

2  + 

0 

0 

0 

GG/S* 

S/R-WR-W 

5 

2 

1 

10 

S/OY-O* 

RW/S 

4 

0 

2 

4 

S/OO-Y* 

S/BkY 

2 

0 

0 

1 

WR-W/S* 

S/RY 

0 

0 

0 

1 

*SY  male 


This  may  indicate  they  needed  more  food  than  their  mates  were  providing,  or  it  may 
have  been  the  result  of  different  reproductive  strategies. 

These  data  do  not  support  the  hypothesis  that  mate  guarding  was  occurring.  The 
dating  record  indicates  that  the  females  did  not  feed  exclusively  with  their  mates.  Only 
three  of  twelve  pairs  were  seen  together  more  than  once  and  three  females,  S/RY, 
S/PiBk,  and  W/WS,  were  never  seen  with  their  mates,  suggesting  a  lack  of  mate 
guarding.  This  would  seem  to  have  allowed  extrapair  copulations  to  occur.  No  extrapair 
copulations  were  observed,  but  it  was  feasible  for  a  male  to  have  the  opportunity  for 
an  extrapair  copulation  by  frequenting  the  feeder  without  the  female. 

Carey  (1980)  indicated  that  incubation  changed  the  amount  of  time  and  energy  the 
adults  spent  in  other  activities.  For  each  mated  pair,  males  were  observed  more  frequently 
than  females  at  the  feeder  during  the  incubation  period.  This  is  consistent  with  the 
observation  (Tyler,  1968)  that  males  feed  the  female  while  she  is  on  the  nest  (Table 
2).  Table  2  indicates  that  males  L/S,  S/R-WR-W,  RO/S,  LR-W/S,  GG/S,  S/OY-O,  and 
S/OO-Y  visited  the  feeders  more  during  this  time  than  other  males.  This  may  reflect 
their  parental  investment  strategy.  There  was  also  little  difference  in  this  with  regard 
to  male  age  since  GG/S,  S/OY-O,  and  S/OO-Y  were  younger,  SY,  males.  Our  finding 
that  ASY  males  mated  earlier  than  SY  males  supports  the  earlier  evidence  (Middleton, 
1978)  that  ASY  males  establish  territories  and  begin  mating  earlier  than  SY  males.  This 
may  also  reflect  a  different  reproductive  strategy  for  the  SY  males.  The  SY  males  may 
choose  to  delay  reproduction  to  reduce  competition  with  ASY  males  for  territories. 


SUMMARY 

Females  were  present  less  frequently  at  the  feeders  than  males  and  were  rarely  seen 
at  the  feeders  during  their  incubation  periods.  In  general,  older  (ASY)  males  began 
breeding  earlier.  For  the  breeding  pairs  of  this  study,  male  age  was  not  significant  in 
determining  reproductive  success.  Male  goldfinches  did  not  exhibit  mate  guarding  as 
would  be  expected  of  a  monogamous  species.  There  was  considerable  variation  among 
individual  birds  regarding  their  social  behavior  during  the  breeding  season.  This  study 
suggests  that  goldfinches  have  diverse  dating  behavior  which  has  little  influence  on 
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reproductive  success.  There  may  be  trade  offs  in  costs  and  benefits  which  produce  more 
than  one  successful  strategy. 
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